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HOBRRELLOREL L TH 5,

N (CEBEFE, Wi EEEXR K 03X IAARY— FCHRERERNSFE
flil7ce ABBERPNCOBEIR-T0ITLice =71 74—, BFPfDxK
HIREZZ / bEEFTOX PP 2 E Lic, BEROWHE, & A& (shortage)
FIEDLAEXESUERRFEHEICHAT S L Lz, TOHTRAITXTOIER
OAFTREFEMESH A+ (BET, 1 -UR—-Y) 2HKT 5,

2FMEEIA M HBZ, 1-16R-7) QEMED, 2BEEROFE. K
BAOHE, ROXI, MEENIOR. 2EEEAORBEINE 2 >OEA
B (10, 15%F) iKoWTEE LY, PNCOEZIR-T, 2EEEAII DB
HREBEEERICIND ZBOHANV BB EAREDTOIITOWTET) 8 % THE
Lico RBBEARIRM IO SFIR S ELRBERDOTRICOVTERN 8 B THEL ., -
(FHEARIDWTIRIRD/NF 75 78 1)

HRHEAZLSEREH IR b L2FEHEEIX PEATLTI2TEY, 75V M0
{LFERDA X0 M) —OEEMATRDI, 2EEEALRBEROEHILT
v MEE (BM, 1 -UR-) ZHEHT 5,

1 —UR-POETHE, 77/ aRPORBIDICHL > TRIEZHANDH
TWBITE EOFFICRE » TREVEHEEER LT WA, Li&LeidSection 1, 2@
HEEDEE (g —nole HNOs/day) TdH YD, Ni&NoidSection 1, 20XF—VH, Q.
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L Q2l3Section 1, 2 TRESNHWHEHEOIEE (g —mole HN0s/day) TH B,
W) 77 MERKEE : TELO&

{1} FROLSEDE; F1xBE = [$0.02183/s/m/d)] Ny - Ly
#o3xE = [$0.02288/s/(m/d)] * Nz + Le
B1ERE = [$1.2638/(/d)] -
HoEmE = [$2.595/@/d] - Q.
SUEREEDERE = [$1.099/@/d)] - L,

Q) svo, BETHE

3) FEEOZEORLT ;7 vary1ORYT = [$0.6683/(/d)] - L,

7 Yav20RyT = [$3.1608/(n/d)] - L.

® EEH = 0.60 X (A

€©) B ' = 014 X (A

@ 72 E = 0.30 X @

(B) BERERS = 0.03 X (A

(F) ##z= = 0,30 X (A)

) S MEEH = A+B+C+D+E+F
M zoo=7yry = 0,40 X (6 |

(D BotEE: (Eoicky b) = 0

(Jy HFlaxb = 0.40 X ®

) EarsE = 0.25 X (©

(L) FHEBES HESR)

M &750hEE = G+H+I1+J+K+L

N FEEERYE .
TEMERE, WEE =R koa. L, T00%EZBIEFEERN S 5,

0) EEAHE: (Foikky M) = 0

P a-—-F1Y74 = 0.06 X (&

Q AvF+Fr=x = 005 X (&

R) a5 = 0.005 % (G)

(8) 1A - IPE « TAE = 0,05 X (N

(M 2FMEHIZL = N+O+P+Q+R+S
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)
4
W
X
M
@

EAEE
LEEEAIHT 325
BRI B2
BoftbbotE
R
LERERED R b

G+HH+T+H6+HK / R

0.08 X0.7 X (G+H+I1+G+]+K)
0.08 x0.7 X (L)

0,08 X0.7 X (GH+HFT+G+]I+ED
@+ ®+ (0.55 X{0))
U+V+W+X+Y

(F) mEEALEAREE GVLY) 0B FREHIA N, RUEROE

BEIZRA2RBEATH 5,

1 —15



PNC PN8410 93-065

V. BERUEER

B—2, 3T, #RF—FO30oDMIZLEH, Tiibb, F—/I—FES1L OB
FEEE, Bifitbk, k.OBEELT, BENOIILAE DI R FEI0FEU. S.
FAMBETRLI. “A” & “B" RERERETREIESNABEYTH 2HERD
FTHNI LB 7 LYy MEBET AN IINEL S, (HESE)

CHSORDEBEIIBWT, .

(a) FEFIEI09%!°NadkeTH Y, 9.1385mole/davicilH L, "NOBRRAIC
BiF A0, 366% Th 3.
(b) A BIBEE 71— FOUNEERERDEETS, F—/—%
1Y OBBE 2 oORERKITY L EHTEH B |
(c) BHFE Kk, kIIRNFEREHEILEFRLR,, R&2DQHTH S,
R:i =k: Rumin » Rz =Xz Romin
ZEE LRGSR STV,
3ODET/FTA—F EF LTAULL 300FEH T A — 5 DERELTISRT
(i) Rovmin BERETFT—/—FRA1 2 NOBREELDEVICRE 3,
(1) RICR 1 min AR OEEEE, F—73—H4 v b, SHAME ORI
LORE B,
(ii) Section 2 (HEHE) ORF—JHETNTOHEEN, R, OEEELE
B FLT8E, 7 -8 MOBRELYRE B,
(iv) &%, Section 1 (EBEHD OR7—VEETRTOREN, Ri, R
Dl WER, 7 LTI >OBRBEOESLDRE 3, '
Rivmin @EF—S—F4 U F (Ro, mialIXT5) ITHEEID, £k Ak~ THRE
Ao, BELK DVPEUTH-THRI\BBUEBELT S,

K2, 3DA, B2EBEON~-TREWVCIZEFETLTVWSN, BRTAKRHEYT
AALD $5.00~5.50/ g P NIZER, Thid, BIEPERTACL3EROHTH
%, 220K TT Y FaX FOHEEBBNRL ST THD, K- 2 B10FEEN,

(BE) 10 VOEBE% RIS A RICHW - Nitrox 73 ¥ MIHW10E L OFEEE 4 BIED
ELTEVHET., FOEDEIZ$0.00803/g-molet Bfi b S 3,
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Dollars per Gram of 99% BN

18

28
) ]
s -kg = 1.40 ,
—  k; =1.20
20— | e k, = 1.0 —| A ky=1.40 _]
bl e I
y |
N A 1= 1.30
25 4 TTTEPT A -
] .""-—-.._______. k]=.|' 20
24 _'?:-__\:—.__-‘-—H-'_‘“'“-——- ________ | _JA:_ o e e i - —t
23 L3>
oo L A T k=1e T
'\.\_
22 T~ N _
e e—- L | A kj=1.01
2‘] --.'..______'___ ______ ______—u_______-___E______._.k.]-:—?.-.di:-
““---..________ B ](]: 1.30
20 T e o]
i_______ . B ky= 120
0~ T = — = e
‘N‘\.\.
%:_;:__“______ B k1= 1.10
T~ T S T T e e e e o e e
T~ \‘\“--._ k B
..-.%;:;E;:;_;—_—_- ........ El_ _.__.EEO_]-__
17 . |
i
0.03 0.04 0.05 0.06. 0.07 0.08 0.09 0.10
Atom Fraction of -]§N at Taper
M—-2 10EBREBEEAOEHEO' NEM

A D Ha SO0V EBE LWL, B H.80. 00 2EET 3
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Dollars per Gram of 99% '°N
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21 = R
‘-‘- "--.._.____._" _ .
R et ke N M kFron |
g — —— Y N R R
B k1=1.4o
19
‘-..._‘._-_-‘ B k'[=].30
Pyt b L PP S U SRS
18 ——
e~ | | Bl k=120 |
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- 3 IR15FEETH 2, AL BRIZIEETEN, K- 30ANE- 2 X0 $1.50~
2.00/ g’ °NEL, HIBENRW D TH B,
TN DOEH T NELSZUTIRAENS,

(1) ki, k38MEEBITNIRFHBER 3, ki, K854, BiRoL
HEEZHEPT, 2T DEREPREAD, FMABELTRITRECRDIEALS
7o, FTHENEERTH S, BRVBABZLIFBHEL v a Vit2DS, 5
BN OAIALEL LY, ThIERBICESAENEY, HREL LT
DI 51, _

{2) Section 1 DBHFHEk 1, Section 2 DEFHAE K LDBNDIRX M
MO RE(HEET B, THEEICSection | OBFED V1 XK E  Section
1 TRHNBEHEDEHSection 2 TITbNEZTN LD bABENKEWLDT
Bb, 2ODERERY Y 3 YEORRFGOAREZIOEITLY, kikk X[
SETELAE LT, IR MOEWECELIZ Kk  DE(LIC L BBEDOHN
RahiokEv, BABET, £—-2, 8, 4 (EXDEF, -3, 4i3%Th
PRFE~A—1, A-20BEVEEDNE, ) KE->TERHERT. LinL
Frld, IFL30HE—X Y bRIIDBEIZMELDERCZELTERHOLD
KT3&, I35 LA MOENMRAZINELTETHAI ERERLTY
Bo

@) F—r—BY BREEOE{ICL - T NOIR REDLILEDL DI,
i3, F—sS— A Y FAYEL (<0.03) 135 XERVT, B RECTETS
Bo FOBHIBBRICE-2~4 (F—-3, {IThThE-A-1, A-2) T
HohEiLB, ECAT, F—/i—f4 Y MR IEC L 2IB4EELTA
X35, F=r—RA U PRINOHAROFLEL TS 50.00366 ITIEICAS
([, UNOIX FRIEHICEAT B, S5 TSection | DERITK » THE
BR E TR LR RO ERRLMATZ 59 5TH 5. £ L T8ection 1
REZTHRIELEAHITICIZAMDBIEL S, RITT—3—RA(  MREE
BRECESSBE, 2AMIE—E 7 Vs VAR~ FItK B NAEIX B
IGEDe LiehiaT, F—/3—R1 Y MO EBRIFISEI (20T, PNaX
P HEKT B, AT, BEASEOEEAEZT)Section 1DITLEEKR
2T HLEMEISDVONENS B B0, ERREICET 5L TOR
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@,?ﬁbBDEAEﬁiéhéﬁﬁéhtgim4y&VFU—ﬁ%ﬁéh%‘
FCIMHENRENAZ (AT E, 2RIK22DE7 Vs Mtk B3R —F
OFFIDEbND, LEN-T, E0LIBK 1 Ek . DEAADETH-ThH,

BB T —r R4 ¥ M AEET B

F— 2RF—/—FA U P OEEEN 05Tk, =1 20DBED ' NI X DA
ERL, BADI2 bR E BT X > TEDE 5 BT 5hESED LTL
B DEDENSETF—/1—FRS ek RE->TELT B, ZOEEFRART
—FRF A= ERLTVE, YYHLVRBETERS N, FABHINTVS, T
MEAMIFENLIX MEBOENTH %, IHESNAS0: 0IR PoOEEEERHEYT
BT, SO 0EXYOIX MELEMEH IX PO—HITEDLTWS, S0:0
:ZFH.k4=L%®&%.Eﬁ§%3Xb®m%,éﬂxbwu%ﬁ%ﬁéaﬁ.
BRI, 10FBURENTE, BEENNERBEE D X b042%, £ FOIT.4%6124
Bo IEELETT T b 2EHTEILICE T, MDEGRRENT RT—EDE
& EMEEDIR MRSTL 000D L, EEIR MIHSLE0 gR BB, Th
i3, W0EHIED b8 YRV FBAICLEI LYy PESE) .

F—sR—B A U IRBEB BT ORBEERTHIERE-A—1, A—2 HELHE-}
@Appendixis, H R4y — FEE S A =S NEEIX MIED L S BHEELRIT
T, IHIFELVERIIDTRLTYWS,

HEOEAE LT, RLIBENEEAONIARr— FERHRF—/S—RA /N
0. 05~0, OTORBHI= B D, £L Tk & K MTEBEY LIES O ERCBHEE
Ao BELND, EEBIFRECk Ek NI DAY — FORT— VEIZHER
LD, WREKKATHSI, S5, EH 1IBE BIARK k=100 L
TeEBAE o, DL BHL 1% ORELES, /4R IFLDORT—IOFR
(THRHEXEISLOHETP, @37V TU—b, LRSI AFr v T
IS LOTV— bIR) OFEN, T bOBIREk=10KRECLTLEITH
53

:némﬁﬁn¢of,ﬁ&ﬁkﬁﬂn=Lm,%—M—ﬁ{ybﬁﬁﬁa%%ﬁ
BT 5, ChODEERHETTER-22ESH, PNOIX FOFHEERIZLTOX
S B,

10FERMEE © H.SOs 7L Pvw ME  $24
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105EEEER © H.SO0, Z2VL¥v g, $19
IS RMEEA # &  $22.5
’” : " H  $17.5
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F-2 TS HAVIREE=0.05 k.=1.200B0H 27— FR52-4% a0 DM

Rz.min =380 H (N2. min "__137)
R2 = 456.0 H N! =17 M Rl.min =10. 352
L. = 4, 176gEiN/B H G2 =Q: = 4, 167gEW/R
B (Z8E, B #4519 @k,=1.01 @k,=110 @k,=1.20 @k:=1.40
R 10. 456 11. 388 12,423 14. 493
L. (gew/Aa) 47, 843 51,734 56, 057 64, 704
G, (gti/R) 47, 834 51,725 56, 048 64, 695
Q. (gEIN/H) 43, 667 47, 558 51, 831 80, 528
N, ’ o8 B4 T 69
i 2z b (10003 Fi) BUEHOEE £ ¢
g I 2 +F B .F
i @k,=101 @k,=1.10 @k,=120 @k,=1.40
75 o MERRESHEW 411 416 428 457
&1 P 101.4 94.0 93. 4 96.6-
F23ciE 16.3 16.3 16.3 16.3
5185 55.2 60. 1 65.5 76.5
528N 10.8 10.8 10.8 10.8
HIRER S 52.8 56. 9 61.6 7.1
fill O H# 2% 175 177 180 186
2SS v FREHG 974 985 1,014 1,084
& 75 v MEEW 2, 092 2,117 2, 183 2, 337
EFHEEHa22 MW 467 505 547 632
S0 DEMI A B 425 460 498 575
FEMEESHIR MM 603 644 691 788
L2ERMBEEIR b (2) - 482 488 502 537
10 % & A4 @O 200 202 208 222
RSN | FEOSHINA 21.70 92.63 93,88 26, 51
2RIAEEL
B &
Bl OFEHIR A 17. 49 18.08 18.95 20. 82
(Fe/ed ERAL .
2EEBEEIR k(D) 415 420 433 463
IE |g M H H 45 O 133 134 138 148
BN | B OsEHIRA 20. 36 21.28 22, 48 25, 02
EFRAEIEW
B O
TR OIS A 16. 18 16,73 17.56 19. 33
(F/gd ZRAL

(a) Ri&ER 1 min(i=1.2) WEFILE BB, ZLTR =K XRy nin THoo
N; (i=, 2R3 RAF-P¥TH 3,
LiRUG: (i=L, i, E4HERRU—B{ILIEZEZRONE (gV7B) &FR1,
Qs (i=1,2)it, 1Y VOBRINIEROHE (gv)l) ThHE, BIRE. k.. TLTHE
B, 3R, 7—/N314 Y PORBESEZSNTD, | MUEHIED, Thidk THa, b
DERTDARS =PRSS RINSDE>OEHMLHEINE,

1 —-22



PNC PN8410 93-065

CNSOHEDORERS 282 IIFHE LA, BOLX15%TH5 D,

B—-2, 3FLTH— 2Lk, DELDOHENEEICKZC, k1A 200 51,10
WS s E ] gBIRERYD, BEYHRBRO/ LYy FEZZZFHITSL 20
M5 $1.50, EEXNTLS0.8005 $1. 00ERNICIL B, THICEBTRETH B &R
Kifinfe, 2K - T, BERIZNSI (LR35, UL, BiREENMDAY v
M, BhICKD T IV MERAS IS RERSQBELVL I Y b o—-LDdic
%Eéhé&%ﬁﬁ&ﬁé%@:xb@%mﬁéﬁim%iﬁ<rmﬁéﬁmo

ALE—FEERTBIZLIN T, BEIZIOFEED, REETHAI IR
LGB TEI, |

R 2TMELAARr =51 —413, EBTRS BN, JAMhIdbEA
yfwbf—ﬁé@b@:zbﬁﬁ@ﬁ%ﬁ%ﬁbﬂbk%ﬁﬁ$?$5:¢n#%
RTERV, BLBINLOEFISOVT, BEFENEWEIICL, EiolbiEs
MIENWT EEERL, SOIHERLYBIERERE L. LML, HRIZ, @1
Tw MIHWLIZA M =X, DFEEELOIR N B ABORE, 75y b Ty
A VICBA LK, OFEEATIELY, FIROFZLUTICSRT .

(i) PNCLOBEBOIX BN ThIWEDERLE s, A MY vl
IRV a VEBITORY, HEFEHIDITNETEALETE (il L TH
Beoax PERIRLES EFhUE, APV BV ey v VIEERNBRE
L1355, HEHEWA M vy EV ey Vs 0 ThH, BEOHERRIRISD 1T
155,

(i) AR = FOLEDEBIcH DI 1 2025 LEWTIETHVWS I LIZELR
Motse BRI T LEERICLTZOLMEREZSection 1 0HE—3FLD%EN
EELLTEE, RERAT—VAVORIZIDECTETHS D, LT,
R3S AR NPT LAMERICHAT B &RETHIE, Section 1DXH70+
7 ¥ avO3IXMIWTLUTHAWSNE/NET S LAOBOTPAFRICRILFIT 5T
H53, BRDS LH/MNIRTERICLTPRUL (BicSection 1 OFH) , &
REPOOBREBERITIEY, 37 LRBHZHRNAHEOREZHIRS 5ToH
A3, LirL, ZRICHERLR VT EFHFEDIZX NIRRT ETHA I,

(ii) BFRFIC>VTIE, HESREBICEFENICETINZRREUAZER I -
fzo MHDFHRIEZ S5,
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(V) 3T LABKERBBACEELT, 5V FAKKTS LEENDOTIY
<, RIS LZHWS I L OKR - @O LEBFEEIIfTHEh - 1,

(v} 8200%7 Vs VHDBEBARr— FEX Mot 300k v avind
BEH Ay — FIIEEEI R PIRLIRBHIE, SNIR M ELT5THS
Do EHI, 3DDEIT Vs VMO BAR— FREFNERUSBEEHEE-
2007V a YHBLEBART—RED D, NODR—LRT v FAMEHE
BHIENTFRIN, TSI TEEEIFHELECTHRTTHS, LHLRK
A DHIEIT, 220%7 V3 VOB Ry — FHERS { B0keg /v DEER
HETRESTH 5,

ENENOIS L, U0, BERE £U7 SVT, A—F— v, EL
T EOH A ERORMER L BRELREL TV ARETSH S, TADKDEE
T, ERECEVHENTERVWTHS I, BEALDOBARFHEEIZTOA Ly b
7 — 7 DEEATELL,
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i

V. &

R—-2, 3TRLAARY =R/ 41— L0 F OFEREKER IR NS
AEEIR MEBLEFH X MEE (1 —13R—-VYRUE-2) &&bic, M-1T
RRLi2o0%s &5 vh b BEHLESEA X — K& 1 —20_— S THIB L1
Section 1, 2RIDF—s3—HA 2 ;H0.05 ki=k.=1,20& W3 EEEEIEBREE
9O LD *NZS0ke,/ v DEETEET B/ HOREE—~ FICELLEEIRBVTR
bR MR TH 5 EWIEREENMIDOITL TV S,

AE T, IR FHEOEEEZ LT3 H LR, HEIX MRS 2RTFORS
2H5ZB3aXMERE BEE £/l EE IR MOATFITY I OWTHIAT
B TOX DRI, PNCHHEMHE L ToZLHH OB T S SICRE
SEBLBET BN, /M0y PRF -l OHEROER LIERICHE I TORD X7
v TOWE /- 3EROARIBVT) OENEERITHOLILS,

V—A. ZEaX }MEH
1 —13R—VTHRARILEBERUVZE -2 LD X FOEEEE (X 5ICFETHITE
D XDEEERICND) BEUToLBbTHSE, (A) F5 bk (C) &
(N) EH, (0) BEEAHE () BIEER, 2LT (Y) HiE®E TbHd, 2
A POBEFMICE-T, | —UR=VTRUAELE IR FMRETHV o NRE
2, T FIR MOy VBT BESICKEDO L Y Vo TR—RICAVWS
NTWB3H0 LangREEFTNB LB D) ThHhb. ThoRIFICFEHEEER
BOHIGERINIDOTIRILS, EKEDADOEE, SMOER, FIAFTHAD
EERITHT LT v FrITabicditvn, (0), (P), Q) , @,
(V). W, XD, (Y) okHIFEHIZ, EWETHELD bSHoBER
EETH5L0THY, PNCOBRICREL/IX MEHEDHEEIL PNCOFENEK
EOEREFMRICOEAICL > TRILTETHA D, —2DHE LTHEE (0D
(EEAFE) i, PNCORRCID—RIRMHETIZ0 L LIcbOTH B,
S OIERBIFEE TR EDEEIDOTH S, COHEBOERD S, £ L TERE
REHE T fodicid, PNCOILGER (liaison representative) & DEENBET
HBORELNTH D bHAARY I, FOLS TEEHRIHAR TS B EN
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2, AFICRBERVWI SRR EM L TWS, L ->T, BLIZLSH OB
WERICT 7 RTHEZIFEW, DTICEBALaX MEBA L DESICH L2,

75 v bEE

T MREIRAPIRENL IR PERTH 5, W85, ThIEREE
22 bDIEEAEETHET BbDR— RIS TH Be THEDRHESDFHE
i3, 2DODEREMAS LRI THRT R ENTE B, BHAOHBHRILEWT
KAEEHMEDELS LHBLTWSDOTH BN, HEtLATS Y ModEAR
BRRUT, 70, 855R8B, 27 L00L50%E T LTRSS NVT, Hil
BBRLEZS ) U IBREBOL D URIFCET A HEBBEORKY ICX > TRkt h
5THHDe Bxld, BIFEEIX MOBERAIRED Ic LT HELERANCHERT 5
DHDTHB, 20DOFHICEID IR MHEREEZAREZBELEIRBIENTE
BH, THIZRAEINZNERIFORE, 7HLEARY— VeI v a3 VCFHE,
N REE(LERIS A DTS SR E L HERI BT 5587 — 4 Th
%, COEREHRIE, I7L08E AR BIQLIBISLNTA—SEIX
P ERNCT BIDICRET A1 DIBRET BRICETLI LD LTS, RETIO
CEIDWTXDFELENS,

s VN

R—2k0a7n (KHRE BHEE FAR7527-) oax bMIEESH
ARy — FBEFHFTTIRTS PRI X FD60% ($428, 0001 LT $
248,000) % 5% 5 I ENbh B, RBETR, [HERT—-VOBEIEITLER
RTNTF L= MEDOINTNF v v 7aS5h BLLRSZVYLEHEISL) I
K->TRES, T VFLRRTLEOES HFRIEHMEE (Y L, S8AR, YV
7) ERETICE-TRES, 357 LDOTRTOBRICH L THHERT -V FS
(&, T - B - 05 AR D ORBRUGH. & M k& L K[EOKE
Lk > THRE S, BXOHMVEBTVWAEHMTIE, BEIHTWA0ke/ v EZEET
7z DSection LM AMEBO IS Llc>\WT, £LTHNO:/NOKH;
RIEZESEHHRBEEHE LRER T —POFI I >WTOERT— 7 372
Vo OB TOBYBREIDONTNTI L= T VF v v 725 LDF
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MBI ARBRT -5 bELLV, EHTIIERT - I/AB0HIT L35
A= RLCAVONTWAEIZFEICL - TS 7ICRE b 5N, RFANcE
HoNTe THIKE-T, PENRNBEBELAEREZEEIERTES I A
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(& 1 X5 DXVREOHNIR MEEEE S BAIHICEBE 155, h
3, B—-2X077 0 MEREEDIX M ($428 000005 522% ($93,400) %45
HBEENOHIND, EBRT—FiE, AP v EVIRRISLAOIRX MHETH
HEWERTHA D, HEND, XMy EryRBas AL, 108 LVEEHBE
21050 1ISHET 3I1Tid, Section 1M T L LLRTARIEL, &HEI31/2
Mo1/3ITIEBLEXONENOTH B,

FILEHICL-T, B 1REBOFHEIR b ($65 6000 DR 1REIR b
DT70%) OAREREX &BIEEFRBIC W TEfiI N $61, 6008 W5 I X FORE
I LZDEEMSTEIENTE, IR MERDELHBDA Ty M LTHEE
EBTHLNETF—72FETENL, X MNIBLRBZTHAD, TDied, TS
CBERICIEA SN, BEED, TRLBESINBRRIS ATORT—VES
LHRBILOBERG, ELT50ke/yH AT — FDSection 1107 7ICHSTBAED
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29)Da, b.c DN A—%1F, BELLTWBARY—FDH 5, AExTHEQ
7oERer (Figure 72HR) Z@B T 2ED/ T v XL LTHRONS ZIAER O

ELTEIM B,

7 a2l oWTOIRAERIL

P P: vz
—+te | Xt ——— =0
Ge Ge

Ext —

BT a v liionwTo kA ERIE,

P, G: (Pl Ypl—Gz sz)
&xz—[w———m+s X+

Gi G

G

(31a)
(31b)
(3ic)

(31d)

(32;)

=0 (32b)
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(32h) RiThBWT,

P, —G: P:
= (33)
G G
z LT,
Pi y51—G2 Xz P2 ¥
= (34)
G: - G

(822) & (32h) EBLITBWTDH, —IREESHD
F#ld, BEET RS v a vichY s S EITER
QA AREICTIHBETHY, EHEINESL LT
WERTON AFRICIT HHEE - 1I5ORINET
Hb,

Flgure 7 Liedi-7T, #7v a3 1ic-o0WwE, G, ﬁ'ﬁ?.“/
a1 DG OEHER/L, PIRP.ORbD %,
Vo1 ldy DR EZFNFNELT,

2%

V—-C. M) wELIEIVa
-IV—-C—1., ®BfpEoEX

Yn—Vw G,
(ﬁ%) strippng— = (35)
Xo1=Vw Ll
*WMUEHOHIT1

VidRESTWS, ; Gr ExmBBREEY Vs VOERICE-T
RESNS ; vu 3xw TDH 3B,
* MV EHOWEILBIRIE, vw THBe ;3 (0<yw <¥11)
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ZlT
Yiir—=Vw
Ls = } 'Gl
Xwi—™¥Yw
W=G, — L.,
F=L: ~—L

IV—-C—2. R5¥—UH
H@8 - @NicBWT

X2 =V
X1 =¥w
¥e =%¥w
L.
R = —
W

S
y ///:; ///1g
f1 //

— Operatine line
of stripping
w W section

wl

'xw(=yw)
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s

<

1

f 1) (xwl)

(36)

37)

(38)

(392)
(35h)
(39¢)

(39d)
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JTosS5 L “50kg2 8”7

2—A;FR

TusSh “50ke2S” i () 20DEMBHAE1-0R MY v B TEAN S
BENBAH R r— FOHOTRTOHBENLEREET S5, FLTEISKE, B
EREDEF-15%50kg S E100 kg MEOEERTEET 2 DOERTHET 2729
IR E NI, BLO— NE, FIHEB IV 2 — 7 THEET 3 -HICFRTRA ©F
PNTWB, IBM-PCH A TOIERERIEF 4 L7 b U HEAKE IBM-3I2MS-DOS 2. 0K iz, 4
ZiIFD0S 5.0 bLRZNLULEDHLONEBRINTWARELTD, LUOBDOEEELT
Whe

Turs s, FhESCIA Y MIEAVTELIREINTVS 2R 60T, &
NTDEEREREEHE TR TOEERFIFLRBFI N TV B,

Tuys Lok LT THAS,

bhkg2 S ReadData
(A1) (ANF— 5 DFA)
QutConst
(éT@Eﬁ@&ﬁ)
Flow2_
(h A4 — FOEE CaleN2
DFTE &I (RF— U DETE)
Size? Calche
(EBDOAT LD~ TiEE
FEREEROFTE LN
Heading
(RORELOHID
Cost2
(& ToERD Calch2
BERFEL D
Equipment
(EEREOCEMHED
Chemicals
(EEHEOBRTED
$N15
(8/g DETED
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ATERIE, ROETHHET S, BAF (FHUd7 7 1 pac/fortran/out2 EIZEH
NTVWB) IK2WT, EHFIIHEEN. 3 DAppendix e HBIBT 5 & LW,

2—-B; ANiF—5 OHER

Turshld, 220F—=5T774N, EBSH pne/fortran®F4 L7 b)Y odusk
% “Inflow” & “InCost™ ERF VNI SN, o075 Ak, BUTOL LOERENITF
—ZHHEZREL LS, DL EL 1 2ORR—-RICL >THRETZDIC, T+—<v b
ENTORVREADZERT 5, UTOF—7BROKAODT, BHOFTRTIS 5 LD
heHERESNIELDLRIDEY b, FLTERFNOT S TORTERATH 2, “InFlow
i, AAr—-FitEOLDOF—F%tEy b33, ZL T InCost™id, BEFTED/-HD
bDOTH 5B,

pnc/fortran/inflow : THhid, 8 -DITHSHERIN 3,
1) P2 Yf ¥p2  iw RoneMin  Nr2 Nrl
18.27 0.00366 0.99 0.00037 5188 3 4

2) Ypl R2min N2min Nimin
0,05 380 137 48

3) (f2(1), i=1,Nr2)
1.10 1.20 1.50

4) (f1(1), i=L Nr1)
1.01 1.10 1.20 1.40

5) Kpac
1

6) Fcheml  FchemPP Fhtl Fht2PP  FhtHP
2.0 2.0 L1 11 1.1

INSDTF—F 0%, RBUBDIKESELToSS A Nninn” iKL-TELNS,
0L, ROETHAT 5,

pnc/fortran/InCost : JHid, 9 >OFTHNETH B,
1) HIEE &FR
15 0.08

2) $FEM1L S$LDI S$LRDI $EDM1 $s81 7L
5820 1000 450 450 75 '

2-13
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3) S$HEEHMPP $HKBEHMHP $LD2 $LRDZ2 $zoi2 $/51472
38 275 200 55 200 25

4) $JEESEL=v b SHEE  SERBOZTOM
20000 1000 2000

5 ($T (i), i=1, 8>
9000 27600 4300 2500 2100 46500 4300 9600

& ($P (i), i=1, 10)
2400 4500 3000 5000 3000 1700.2000 3200 3000 6800

(8P (i), i=13 2D
100000 3050 3050 13300 1380 3600 4500 7000 2000

8 ($HX (i), i=1, 5)
10000 3000 14000 8000 5000

9) $502 $ H2504 Conc H2804
0. 01623 0. 00803 8.6

2-14
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o5 A “Minimum 7
Ta7S L “Minimm " 13, 50kg280 7075 ATHEEEINS, LITO “minimm ” H X
r— FOBEEHET DAV SR A,
DN2Min: 2227 ¥ a ARy — FO® 7 ¥ 3 v QI RBERDNEDHOBNZF— K
2R2Min: &7 v 3 v 2ickiF BR/ANEHREL
DRoneMin: 2 €7 ¥ 2 VAR — FORKBEEDOL LN, 1€7avhry—Riz
Lo TERINEELAEZIR 287V a VAR —FCRICERB LA SEE SR
B OITHBIR/INEKH, '
AN, HEREBRT S $RNTOANR, avEa—5ickbrs ) — v EERINE
HROEZE LTHF—FR—-FLbANEhifFo s, £hid.
(a) Bl 27— O HEETEK |
(b) B/ OERLAWEEYEORBE OV Sh
(c) ZNHOBEEDEITNL 5»
() BEID/IVERMECRBE L OZEIZWVL 5h
(&) TNODERMBDRMBE L DEIZVL S
Ok IIHENTL B,
HEODREERIFER > TRWIFIIV, BIGBHER, TXTHEMEOBBE LD b4d
RELZFUTIESIIN,
#7113, pnc/fortran/output @7 7 4 I EICEMN B,
W OMhDIDT 7 A NDTY » bT Y FOFIELITIZRT .

¥ %% 7o/ 5L “Minimum » ©OHF7* % %
DT BT BRF— UNEHEE=1. 0550

B E OB R 15D EREE =0. 00366

B RIBEE 227—U%  Nnin Rmin
. 8000 2450, 141 4715.
. 9500 5172, 155 4978,
. 9900 26950, 185 5188,
. 9950 54173, 198 5215,
. 9990 271955, 227 h238.

A E PO ERISOERFE =0, 05000

BIRREE £2 57—V Nmin Rmin
. 8000 171, 93 343.
. 9500 361. 107 363.
. 9900 1881, 137 380.
. 9950 3781, 149 382.

. 9990 18981, 179 383.
2-15
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DT IBITBERT— UNEEE =1, 0550

BB OE RSO EEEE=0. 03000
LR e £Z2F—U%  Npin
. 9900 3201, 148

HHAME RO B Z 150 BERER=0. 04000
RLBEE 22578 Nmin
. 9500 2376. 141

HME T OE RSO EREER=0, 05000
B BEE 2257 —U%  Nmin
. 9900 1881. 137

HHESE RO EFKISOEBEER=0. 06000
BIRIREE 2Z27—U¥  Nmin
. 9900 1551, 133

A E D EZISOBBER=0. 07000

BEREE 227 —U%  Nmin
. 9800 1315, 130
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Rmin
475,

Rmin
380.

Rmin
318,

Rmin
271,
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%k ok k k P75 L “50kg2S" k % k %k % [1992 £ 8 A ; T. Ishida)

oy A “50kg2S” 13, WEESORRAD2EY Y a vhARr— KT, 50kg/ EOLETE
TSt T B DDOH R r— N5 A -7 DI E, BEEEHT 2-DDHDTH 5B,

HEMEOBRE L, W SrORETELT5TH5 5,

COFTTS L, HLEEP COBETEbENDTL,

W OMDEBN, BL T 7 7 74—NR2 2RI A A —i =3 XL HOTHEE
ITHIBICHEBICLS, Thold, ke FOEEILE, Lo kEHEOEE, #hoo
EROEMIBL ERRBTHLIN, 2FESENMNTES,

Em%m.m@/ﬁmtwﬁmféigﬁwtboiﬁéﬁﬁ?%6o

s av ]l ORNESEAS AR /—F v OTEVYRFLOIMTPT FEHMNISE
§15F RBRDH T LIZ2DbDER—Z2IC LTS, '

TR, BEROBII LIcHI00 ke EOEERICHYTIBE THENIEE XN TE S,
AR CoERICEDSEITENTARICHEYT 3,

72 v QORMEN T LCONT, [EHEIIProPack gt &HeliPak FRMOEB ST
HEIRTX A, (ffHELTWA “Program Description ” ¥»— pE2EE o &, ) HHEEID 83
M AERE TCOBVERESEERTIENTELN, 7 VsV 2D BRIS LD —
ZNERIIHEEDOEME EHIENTETHAED, AZLOARKRINAF Iy FEATHS,

oD A8NEENFERINEX, To/SANSEBENRBRELNETHAD,

EFNFNOERS — 1 NERBOH AR, fFliciEssnig horYaS—a=y b
THERINTWT, FRENERISZEMIE5E 208, BRIIHENT 3,

TosS LR TERINSFE/ NS A — 5 OFIRELTICRT,

ABDT =5 7 74 MiInbDFTRHIAS :

WFHEED/XF A —%13, pac/fortran/inflow 7 7 4 LD SREBAD
P2 = SIFE (BN H) (=9.1385; 50kg/ ET@NIED LX)
Vf = {#{EHEPOERE
V2 = BIROREE

Ypl = F——f4 Vv NTOREE

217
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fw =

RoneMin =

R2min
N2min
Nimin

NR2 =
F2

NR1l =

F1 =

Fcheml

FchemPP

Fhtl

Fht2PP

Fht2HP

BEEVOREEE

bLAROBEEN1 7Y s v ARy — FCEONhAEADEDRR,
7 a2 ORINERL

Y7V a v 2DRNAT— UK

= "RIValV1OBPNIRT—VH ; F——H4 v MEAOEBEE (YD)
BlEIVarvARr—FNOBETHBEED,

7 va 2DRIIARY O ; TR, BV Vs v 208IREK]
7Y a2 OEMRIEE ; Nenin 3, ®7 Y3 2ichir 3EROEiEH
ZEELTRG) iy ohiboTha, F231), [i=1, 8R2]

a1 DRIEBR OF; CITRUL, 7Yz ) oREEikEk
7 ¥ s v 1 ORFHERE ; F133), [i=1. NR1]

— BEAENERLTES Vs v | DRSS AOEAHETP S 7 R — ik
RGBT 57 bic NG 358 (2.0 )

= {ERENBRLTEI Y 2 203 H 5 LAORKHETPH S H 2 — ik
RIGZ3IAT 270y 258 ;2.0 )

= FREMERLTES Vs v 1 OREA T LOERS S I 3825
B L2)

= {FREMNERLTEY V3 2DProPack 2FIEL 2S5 LAOTES
SICHTAR2ERE (F;1.2)

= {ERHEMNBIRLTEZ Y2 2DHeliPak 2FE LR 5 LOMES
BB AR FE (1.2

BEBHD /Y5 A —%13, pnc/fortran/InCost D7 7 A LD HEHATFN B,

la.
1b.
2a.
2b.

2c.
2d.

Amort vea
Pann inte
$Packingl
$Lh1

$LRD1
$othersl

rs = RMEIEEE (E)

rest FHEORER (%)

€7 a1 OTEH T LTEEMO | S h OB ($)

= EIZLaV ] ORBRATLADETNEFNOREDSE RO
($
7 va ] OBEAT ADKEHESSOERG ($)
¥V a v OXMHS LDEOM GElEM, X$E, B
2| 75U Oky FSADOEE ()

i
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2e.

$pipel

3al, $Packing PP

3a2. $Packing HP

3h.

3c.
3d.

3e.

4a.

4b

4c.

ba.
5h.
5e.
5d.
Be.
51,
8.
5h.
Ba.
6b.
fe.

6d.

Be.

6.

6g.

Bh.

$LD2

$LRD2
Sothers2

$pipe2
Srefluxer unit
$divider

$others refluxer

$T(D
$T(2)
$T(3)
§T(4)
$T(5)
$T(6)
$T(T)
$T(8)
$P(1)
$P(2)
$P(3)

$P(4)
$P(5)
$P(6)
$P(7)

$P(8)

l

BT a ]l ORBASLADHST LS4 T 1 74— 4% b
DEM ($)

7 a2 DA S LADProPack FIEH 1 £ M- bDB
i ($) .
T a v 2D S5 LD e iPak FIEH 1 £ M- h OB
i (3
w7y sy DRRY T ADENENOREDSHEED BE
($)
kI a v 2ORRAS LADHEEEBRSSOEM ($)
€IV 3 Vv 2ORRH S LADZFDOMOE y P D DE(S
($)
BV v DRSS LDAS LA T 74— S D
DEM ($)
ENETNOBFEFETV 27 —21= FOEM ($)
HHRLVR-PERBE &,
7Y a v 1 DENThORKBROBRESEHEEM ($),
kY s w2 TR, FOMEIRES
7 a1 0Z0M (N2 27 5.-%) 0B ($),
vy s v 2T, FOMEES
g7 10ER ($) (H2804, IFED
vy 20BR ($) (HNO3 , BLEAEETRD
Z0 308 ($) N3, ¥, thavzfhS L)
Fv7 A0BH (8) RS, 57, tivav2zdcah 5 L)
7 5DEM ($) (HNO3 , AR
Zv7 60EM () (02 ,iTED
FwrTOER ($8) N3 ,7 >, ZbhYwELS)
7 80EM (§) (HNO3 , EEMITED
R 1 OER ($)  H2804, FEBYRFRE~D)
R L20EM ($) N3, vIyaviacifih S5 LADEE)
RUTIOER ($) (HNO3 , thyavizdfuhih hdehyas2
ZEHahsh ~)
BT AOER ($) (N3, viysv1asifansl HSERYNE
s~

R F5OER ($) N3, thyavezcifanih o dming.
gz ~)

R76OEA ($) (N0, tyyavezsifanil i oAkl
B

RUy7TOBE ($) (H2504, thys 1 BIRER I SITER
~)

Ry F8DEA ($) (H2504, 11y 28l BB M IR

~)
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Bi.
8i.
6k.

61.

&m.

6n.

6o.
B9.
6q.
6r.
Bs.
Ta.
7h.
Tc.
7d.
Te.

10.

% 2k

[

RyT790EE ($) (H2504, IFEis HERFE~)
IVTyd- 10DERA ($)(502, ¥ v 7 Eh SEFEA)
Iv7yt- 13DBH ($)N0 , vy BB HREN L3RS 5

LaN)

T~ LUDBR ($) N0, )y 28RBSk B L 35kh 5
L)

7ot I5OEBE ($)N0 , ¥)y20238 3L M obhvavizcin
3k~ ;

Tbyd- 16DERE ($)MNO , ¥ryavIZZifinsh oAy h34
~)

RUFITOER ($) H20, 27ysV153HhTh ~DHE)

R 7I8OER ($)  H20, EEMERBAOHE)

R T190ER ($) N3, AMA-174 2 Sehyav1zsifniL)
3Tuyt- 2008E ($INO, AMA-HL O BEYERE)
RUF2NOER ($) (HN03 , ESEMBHEMNSAM-474 ~)

= R 1 OBRA (8) (Wyayl FiiEEN 5DN)

I

Fosingg 2 0EA ($) (tvav2 BiiEsd 5 DN0)
HEmEE 3 OEA ($) (B)vavl BEiFiged S DH2504)
MR 4 DBE ($) (thyar2 BikEM S OH2504)
#BBLOEM ($) ( FEEIWEFHIM 5 DHNOZ)
S02 1 ENLHIDOEE ($)

JULTy PODIHOH2S04 1 ELHIHDER ($)

= AR XNBH2504 DEILEE

$P(9)
$P(10)
$P(13)
$P(14)
$P(15)
$P(16)
$PQID
$P(18)
$P(19)
$P(20)
$P2D)
$HX (1)
$HX(2)
$HX(3)
$HX(4)
$HX(5)
$502
$H2504
$conc H2504
TERL
Glmax
G2PPmax
L2HPmax
dial
dia2
A = 1,05
E = a-1.0
Glmax 1. 26e5
G2PPmax = 12000.0
L2HPmax = ©5910.0
dial = 6,00
dia2 = 3.00
$Wrefluxer = 5.0ed

7 var ] OFH (FR) HE, EAN/H
ProPack @i (FR) KR, E/INO/H
HeliPak @ifiH GE{E) i, -£LHN0S. B
I a3yl ORBHT LORE=61 »F
Va2 BHT LORE=3 14 F
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I.E B

e UTRMERFER (0.366%) OWHEEAV, BB, 0%, 99.0%& 199, 9% D

"N #%100kg/%E (18.27gtWN/R) DOHHETEET 275 ¥ MooWTHEN I X MEEET-
tuﬁﬁmmmtﬁﬁfﬁyfmmnwﬁw§d<%@f%b,zo@ﬁﬁﬁﬁ%@mnmm
section, exchange section) & 1 -DDEIXER(stripping section) MoK ENS, S

Y MIOWTAR = FRF A =S RUIZ METPER I X MoRITTRELTE:, B
FOFE LTRT — =81 v MRUBEREEDHOBEE, HE TP (Height Equivalent of
Theoretical Stages), :EHltk(reflux ratio) 4%, HBHFEL L TIIEIEBE IR b, SEafgEs
BUERMIOFHIRA, 275 VEk BEERUVRBEAOSH, BEIR b, BERIES
B ohB, REICEE NOBEERT, '

£ B M 3 A b CEFLESN)
B E AR EE AR 105 A AR 155
' WESSSHIE | RAMAF 55 ) S H A
90. 0% 19,75 15. 60 18, 60 14, 45
99. 0% 20. 95 16, 40 19. 80 15,25
99. 9% 21. 10 16. 50 19,90 15. 30

HEREL 28R TemTy oA e
PEOFEMIIPNCHrOIEEINILUTD 4 £ ESWTER L,
(@ WERICSWTE, FHE LTORARR bRRRENHBOETICL 2INALER
Lz,
0 770 rOERAMEEE ERBIEIETTL,
(c) EEZEOAHBIIEEE,
@ £MI8KEL, 77 v FRUMOBEFEEEDRBMEAOT0%ICER N3,

SRERUZOEBRBSEOMIEE, 192FFHED A —» - REHECES bOTHY, 1t
FREOMEDERENSVHOTH 5, W—RAOFEEERTRATHIB VLI V&L
FIRICBIBHETPETH %, LML, E8EOEVWHE T PEENi troxdEOEHETICH
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F2FRBICL-TOABEIENTEZ S, CORZUAREEELSL M, SOOFHEIZ H
{30, 258/ gOFTEEIREZ 2D EIE -7,
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I F =

FHREERSBOWRICET S 3BEDOLDTH B, JIME LafiEEN 213, 2B Ry
— FOBR BRI OVWTOE LW, AEHICAWEHET DS LOBE, Tos5Ly
—R3= FRUANF— 7 OPEEATED, FHEELES DOTH 5,
| AWEOEER, FE100keDEHETI. 9%, 99.0%, 90.0%D ' NEEER LRSS 32
DOFME IR MHEEITO CLiEH b, "NOBER—BLEERS X (NO) LHE (HNO,
) ORGFZBIIGINCE DL bOTHY, BEERIZHNO:2# S0, TEXTTEIETHS
(2D » £, FEREEYORBRINOEZESTERMLLTTS (REGD) .

X MR : H'“NOs +"NO ——= H'*NOs +'"*NO (1)
21 & B % : 2HNO: +3S0; +2H:0 —2NO+8H,SO: (2a)
2HNQO; +S0; — 2NO. +H.S0, (2b)
BEREEYER: 2NO +0:@ir) —2NO, (3a)
3NO: +H.0 — HNOs +NO (3b)

19922 | RICiRB LA REF Tli~fc kS 1, SEOIX MEEIRIHUTORED TICfT -
720

() EHUEE LTOREOIR FREERL,
(SRS : BIBERENE LB 5N 3 BN E I R AZ RSO & 154
BEDD IRV, —RHEETRARNE L TRITE S 251 5Nb, T,
FHWE (RAZEETHE) OMAR L MERENRNE ( NRE) OEIA
MER AT B LR Lz )

) 750 ERANEEBE V1 PERBREEIW,

© 75y MR AEEIZEE LI,

@ SFRIKEL, 75 FROMOBCEEOREEAOTN I ERS RS,

ZHZMAT, (o) M-A-1THB~NB XS, RBEFIEMHOHE T P (Height Equivalent of
Theoretical Stages)ICBIL THRANMIRERT-70 £, BUBEIHERE LTII10EE 158
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D2BEDE/ELT,

w%ﬁlﬁ®ﬁ%&,if.EE%@@E@?%%@E%”N%@%T%%&®DZb%i
RIS BRI ETF Lit, 2LT, IENEBCAENEEROAREREL, 0
EReEEE, LiL, ZOBRT THS: LTELNARFOSHEXEHDBAE,
— =BT B ERIBMETS 64 VF (AR THBT Ebibivoice SOke/EEIED
77 v POSHRUREOREIL, AEEICRTE M v F 3Bl 284K ETRE 3,
ZUT, SR 28S v TRUBESTEM W - A TEMCREINTW A MOTE DS
&, BICBRBME NS, SORD, PNCHEICAEEN S NESERN LTVAC & 28
iifgﬂﬁﬁﬁ%gﬁm%#%EEWM%EELkQ:@EEKJD”NE%QX%%#
BYTIFBIEMNTEL,

ThS, FARETIILIE, 90.0%, 99.0%, 99.9%DiEHE" "N L EE100kgDIRE TELS
TRBEICOVWTHET S I LICT 3,

T VNt EOREBEEAN S ) —0b 3, LAHELTF MIZBRAR T —F
2EARLL, ENERESERVLOTH >/, ENERERNIE @B PIaEhTVwaK
EEGE (°N) ZEICHET I LETMRICL, JOEONERBEICHET LN
- T& 23, BIEI S ORIEREVRO "NEELRRARERIDELL SN, Ol L3HE
OHBIGEICH SEB TSV,

EUNEOEMZ, BRET T~ P OHBREGRANDEFZE L ERTBETHBH, h
KOWTRIVETHET 5, ‘

TARBELLT SV F TENESZERE L - 7cBHERS L& @Ik 5HDT,
FEROEHBICHET AR I X POBDHRE R, BIKBREEZhICHED, K7, 7
7 OEMEIBE IR bOBIIEB T TH -1 6 TH S, BINEOIRBEN2EBHEIX
FOBHIZEB EVWIERSEIGERTH S, LML, PNEFETS v M BEROIEERTEIC
FHETLMEBOLOTHSIE=PNCIKEHLTH S i, EES=RATs&ICL
72
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0. 7oeX0RHEE TR MHEOER

M- 1iCAR r—FO7o0—- L FEEBEORESTRT. | AOHELINTOSNREN S,
EBmL7#Es: B IR s AS5H C—6
yvy T-1
K7 Pump—19
R Pump—21
avFryd P-20
EiRHETEE vy T-8
M@ E—-5
BRELABE: RO TFP-11, P12 (AHEEOR - LIZIRL TV, )

F— L ICEBRBLBRUREROEFEERT, RISRLAIR MIREHITAREND A
— A —EHICEVWEHE TR LD TH 5,

AETI, BHICE2OBBOIRIT>VWTERL, RISHOICAWRET 0 AOHE
ZWAT 5, T X0OFEMICOVWTIRIEESEN 2 2B I,



STORAGE

50

P-10

50,
SUPPLY

- NG
~* ( 9 H P-14 X
. SUPPLY 10
E-2 [*2
EE}—+~ HNO
L 3, 4
p-17 ¥ o
- % n
! 2 LIJ [
w0, P-13 e
< { of oy
TO STACK Q%
MO P-20 Mol P1s NG P-15 o
H,0 T Q E $0,
—— HNO, HNOS HNO, o v [~
¢ ~+—} = 1
) ] - - — —
SLRIN 5 0 89 Sol |
2 7 vl ¢ 2] ) =2
e %Z 5 — uz.r ~
9w £5 1 vo Zz| no iz NG HNO,
8 g & = U.g v g > g
28 471 N -1 B 4 3
AR, 159l ] Zuw 59 v
PPL ] -
SUPPLY \ I £ &
E-5 CZ
H,O T-2 4 E_é Q
P-19 P-3 iy
—) S
HNO; HNO, | .'_E ) HNO, K
STORAGE P-4
T-8 ——@ HNO, E-2 Hy0
HNO,
*»@ L p-7
HNO, _62 Hps0,
P- 21
Y
HNQO, WASTE
3 HNO4 PRODUCT
5 — 1 IZMFWHICAWALZ2BI A r— FLERBORNE

S90-86 OTP8Nd ONd
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BRUHBS L

FZ-1 BBOSBPEFaZ R

I DMo

B
CkEAD

&5z b

€ D]

(5 1 %R
(1} PMIRBBIVF, SZxAfE, 316588, R4 ¥ —Jl40;
{2} FEEE =Norton IMTP Nol5 (3165521
- St
- SR
- S EREE (9 fiEITKE)
- DEREH (S ILEICSE)
FEEM I, N EEss
(AR 4 T316858D
LT (BVE) . A4 U 2 —40, 3165584

(55 2 seiai)
{(DA@3fsF ( () Kot bo%R<¢), BITE,
3165884, 24 T2 —40
- FEWEA A : ProPak (0. 16{0%, 3165%)
« FRIEAB : Helipak (CH4 X, 31855 )
(E) Helipak®{ER3 2 OIIEEEH BN, 01080/8
I TEREMATEY L1888 TH 5,
I oWTIEERBO I &,
- HE DR
RESES (IiEksE)
R DEREH (B LEFICSE)
FEEAM A, RN RS
(ERERH 124 Ta16558D
s34 (B4vE) , RY P a—)140, 3165851

(5 1 8RR

(1) B wRYY o - F - 7RSS RE,
NAVZZHSRE ((HLF2—7— b RAH 528
#Hes{t®poiytetrafluoroethylenefd) 12{3F x
AR, B AmOIBKDF 2 — 7o ; T
BRED, 300gel/HEIc 1 HEHhE

2) BifEEAYy Y (BHEBEIR1ELE)

{(3) FO.[ENNES (BiESRs5ESIc 1 E4E)

(5% 2 BIEER)
(15 1 BSEER & Ek

(B & &)
(15 1 ZesE & ) Uk

(RH RS Fr)
(DAR6{/F XHE10m, 316558¢
H1E
(3FEiEH ; 3/44 78 ® Intalox

5, 820/
#£1, 000
£450
&450

5/ft

38/ ¢
275/ ¢

&200
# 55
200/40

25/f1

%20, 000
% 1,000
#10, 000

50, 000

50, 000
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¥y v 7
: . . B | aoxb |
1 Do EEhE B = ) X3
CEFLD CEFIL
T—1 H:S 0. - 8, 000:4H0Y, Hetron92213iRsy 9, 000 8, 000
T-2 | HNO: BB 2, 0004740y, 30458, 3% | 9 200 27, 800
T-3 #” 213 50070y, 304555 4, 300 4, 800
L
T—4 ” 5 2 Ziply 100470y, 304558 2,900 2,900
yvr
-5 w BB 203407, 304553 2,100 2, 100
-8 50: iF R 6, 000440y, 3048584, 3 E 15, 500 46, 500
-7 HNO: (ENEST 50034A0Y, 3043554 4,300 4,300
-8 # RiBRES 3, 000370y, 304555L 9, 600 - 9,600
I
BB
&8 B3R b
I DHe. H & £ -3
CEFL) G KL
E-1 F1BHEEISD (xhs Fo—T7H] 10, 000 10, 000
N O # R 8{¥ s 2, STEF -,
RA Ly ZH5 B
E-2 E2RBRENILOD (v bthE 3, 000 3, 000
NOHZEH HI3 234 LAER) :
31 EF2—7, SmE.
RA VT RH S RE
E—3 81 BnEro0 (el Fa2—7H) 14, 000 14, 000
H:50, 4% 6{vFir 2, 31ARF -7,
4,5mE,
RA VT AHS A
E—4 F2BmENOD (AR PEREEE T A AT & 8, 000 8, 000
H:S0., % Vo drw FEIE)
RA LY RHTAE
E—5 RIEERENSD (e F2— 7RG 5, 000 5,000
HN O] 31655H)
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B

v 7
I Do i #* H i 5 B *RE o
(psid) CIEF )
P-1 HNO, Frro—UhoEEY v 33gpm 25 2, 400
P-2 ” C-2~KFE 50gph 100 4,500
P-3 # C-2»h5C-3 (DP) @ 30gph 45 3, 000
P-4 ” C-2»5C—4¢ (DPF) 100gph 70 5, 000
P-5 ” C—~3d5C~5 (DP) 30gph 70 3, 000
P—86 " C-8hro8lEEHL (DP) 1ml/nin 15 1, 700
P-17 H:50, C— 4 »SRFEE~ (DPT) ~ 120gph 45 2, 000
P-38 # C- 5 SIFEmR~ (DP) 30gph 30 . 3,200
P-9 " FrE A O SERIEA L 120gph 45 3, 000
P-10 S0: Frro—UhSEBS v 17gpm 20 8, 800
P-13 NO. C—4m5C—-2 (DP) 50scim 5 100, 000
P~-14 ” C-5»5C—-3 (DP) Sscim - 5 3, 050
P-15 # C-3»5C—-2 (DP) 5scim 5 3, 050
P-16 ” C~2/,5HC—6 50scfm 5 13, 300
P-17 H.0 S THBE DI 60gph 250 1,380
P-18 ” C—-1~##s# 250gph 250 3,600
P—18 HNO; C—-8MBC—2 50gph 100 4, 500
P-20 NO C-8MBC—1 S0scfm 5. 7,000
P-21 HNOs |[T-8H»5C-56 100gph 50 " 2,000
(1} gpm =US gallons per minute

{2)
(3)

gph =US gallons per hour

sefm=Standard cubic feet per minute

psid=pounds per square inch, differential
D P :Diaphragn pump; #4773 & (PTFEX—2R) , #{& (31655) , BRHE
DPT: Diaphragm pump ; FA4T 75 5L (PTFEN—R) Ak (Fa{LBPTFE)

D C : Diaphragm compressor ; 4 7 275 4 (PTFEX—:2) , ik (31655)

() fhDFT~TOREL TRV D VT L v 423165581
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M~A SEOHSE IR N

M-A-1 Zfds (C—2, C—3, C—6)
BRI T X AR RIGEBOWEAT ) LTEFEmB LA NI SR LAR WY
Tzt~ 3,

(1) 50kg/4EicH X 100kg/4Eict &, % ikl ATHRUHHIEORER, EFALSER
SEEH v 7, WEFRMICH LT HNSBE B,

(2) SEHE LS 2RmE (C-3) Kb 2RRE, BFOBYRIRMT ¥ L%R
o LTINS BE 3, SOk, ERERSHERICEO NS v ¥ LFEIRM £1RA
FEBEHIV,

{3) Nutter Engineering#t(Tulsa Oklahoma), Koch Engineering#t(Wichita Kansas), Glit

sch Inc. #(Dallas Texas), Norton Chemical Process Products#t(Akron Ohio) &\ -7z
A=A —OFT, RKH3T U LFEMOERERH/ T I MW TEORNortontt DA T
Botco MEOEE, BELTWARNDS VFLARRMTIZ, SEDT5 Y POEL
KEEHE LTRZBEL SO TH 7

Nortonit DHSIIH 2 RIREBADOB AL >HOFROKMN D 5, b5, IMPFERY
(IntaroxZEWMOF L WT £ 7)), Hy-Pak (INTPEBEM OHBICHRTHEENKRTH S
Intarox type) , BADELBOERY V7, £i3EIIv I ZARTIAF v /T EIOERIPY
yfﬁﬁééoﬁ&m,Eﬁﬁk%m(oibﬁ#ﬁﬁﬁk).%ﬁ%ﬁ%%(oﬁbHET
PAVINY . FESHERIUNE WV, SO, S IMPFEIEN 2ZIR Ui &/DDIMIPFEE 3N015
(B=#15m) THh, ThIKBIGT 28/PDERIEE 1T (AR) &15%,

RO TEAREMONRII—BINCTRIORT L S WHRERF, JheFAfELER
OHEIIEWHE T PAEFICHENT 2 @R F o0 EREFROTIRE LB L TAD E L\,
(Fex DT~ ERZHEOKIEM DG4, Propak@HE TPId, HeliPakOHE TP R EH
WEBRBICHEELED 27 ) Flooding

=

m Y
ot

Base HETP —»> \ \j

Gas Flow Rate 3-1p orton IMIP Pack

{Top view)
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M-A-1-a 5 1 RBERCENEIC R BNortoni D IMTP (Nol5)

1 ROMEETHE L/cFE kgD TSV MBI 2BRBOEHT TR, INTP— 15528 1L
A6 A VT OF 1 288BI BT 3 M RRBRIBREROUYICHEY T3, (BRARTS
%126, 000EINO/ B3, EBROHEBRDE5%ICHEYT 2, )

2 BOBNER, PIZIF100ke/FEDBEORBIIBRERDOSYICIES L, LBRBIRE+S
KTE-TW2, TNWA, MHOTNTOREHDEL & 50kg/FOEL LOBREES L
JITERT B ek S hik,

NortomdtiIE 6 A » FOETIRDL L LFIMRBX 90N LT BEART AL %
LTV B, —HOFSERS AHR S5, BRIV 7 RBOES 9 ftI LSBT
Hbo ZFEHE'C i, RERROLEERATIHE LK,

Height-1= (f1,a nu o) ¢ (f1 mere (HETR) (. o) --oeevmeeemeeseenes (4)
ni, o =5 1 RIGEOERES
f1.0 =HA7T— FEREICHT 20 BERBOBERE
(HETP) 1. ¢ =INTP-ISOE¥EHE TP
f 1. mere=NitoroxRISORIHEE L EHE L /oK

LT,
g

(TPY. o (Bl s cn) =296 | — I [ E—— —)

THY, 10ENHBEOES, o=60dyne/cm, £=1.5¢p, (HETP)), 0=36.8cmTH 5, Hit
HETP RiFEOEHKDOSEEE LT, HREHAIVNSVEARBREZTICOLEIES
R3 %, BIARTHIFERIGOREBEELEEREETS 35, SEIIEE LS, -7, Nitrox
EIcBI 2HOHE TPERYZAEMEAVWVERIIL - TOAHIET B L0 TE 3, &
OTF—FIZHER SN TWEVWDT, TRTOMMHNERGKOE S 2EET 3 dlo S
B asrpZBALLD, BV BICHETPOEENCOBEHEICLVRDONE LS
B5IEZHHT 5, HETOS T L “50kg28” (2 SRIBH Ry — FEEKTZ, ) T
&, fiaereZFcheml, f1..%Fht1&LTH3, @& AHF—~7THbTo
75 LAPROEHTIIE Ve T 1 nere RIDEOBITH 25, AFEI B 5 K5OI
TIEIIZ 0& W) EREEY, RIST OEMOEELF~I,

3—11
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HETPORIEERMWEETH L LEZBALEBEL LI, FREEORELEERI
RT LD, HETPOREERIIAIX MNEMEEROREO—DEEREN > TW3S,
#3850 t DR OE /18I, S50kg/FEDBE T2 5psiDA— % —, 100kg/ET5psiTHh
o '

BIE (C—6) ORELEI6 4 VFTHY, IMP-15%FRT 3, REEOE X IFIRK
TatEEhD, -
Height-S =ns o (f 1, uere (HETP),, o)

T, ns o REINEROERERTH %,

M-A-1-b & 2334@iE :
EREIEEOTRIC VW T T TR 3,

Heli?akﬁEﬂatﬁ

HeliPakd, Nitrovdk SURMHNECROE EONTO BRI TS 5o TN,
BLAISHTVWAEEIKHENBVNSTHEN, AEFOLIBTRELRF—ILTERAT N
ol &3V, SO, £OHE TPIRNSUEBODRBROEHT TR ONICEREND
3153 THB, Lirl, HETPOEHIKBEORE L ERICERET 5

7T, 316888, CH4 XDHeliPakicoWTC, A —Hh—OERT—FhoRITICH~<
BARS A VFORPBEOEEHE TPAEE L,

(HETP) pnp, o (BEAT ; cm) = (2.83X107%) L A1 BT-mrermerrmrseremsommsmmeneeo e (7)

CCTLAIE 2 RHEBICKIF AHN O DFHEZING /A THR LI LD TH B,
EREEEONItroxiEIcBIFAHETPF—22KHEYS » McERT 2848, £0H
ETPI3,

(HETP)zm: [g‘fﬂ,(‘.ﬂl} = (HETP)zHP.u [ (6. 24X10—4) L. +2. 05] """"""""" (8)

HESa/ S L “50kg2S” Tlifonr 2FhtHPELTH B,
ZC°C, HeliPakDiHIBEHEAIIPPEL, AR A »F o TIR, EXEHEDINY
A5, 910TMHNOs/HICiEY 3 3, 50kg/ETS v MBS THEEOFHERIIS. S10EMN0s /B O

3—12
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VX THEN G, FEREE 2 EHICEATIES M L F S, oEINBNHAZ 13, =
btb.ﬁﬁfﬂﬁ?ATﬁLﬁﬁ9w®%Aﬁﬁﬂ@W&#Eﬁ%L44/§Lﬁbt
MBELIITE->TWEB,

HeliPakiZSMTH D, 316558, CH 4 XDBEIZ2T50/ £ Th Do = DIHRIEELIT960
UEEHFEICRL, CORDEHERDAREL LS, S0kg/EDT5 Y hDBE, 347
@HeliPakBEﬂé%kﬁ%fi%‘é (#940ft) DA P2, 9psiTH B,

RICE RS ORE, RERHANED, ENREIATSS, I3 b SOES
5, SEHeliPakDERERSE -7z, 338, HET 0SS Az idlel iPakd iR O
REO—D & LTEDTHBH, Thid, HeliPakOHE TPAERF -4 IcE5¢ T
HBEVWIEHENSIEYTH D, O, LIEOHS TIEProPak% 7R L5 2 Rffitic
DWTDARE T 3,

ProPakFeiast
ProPakZeiiitt I BRI IF S BED S EF Cldtel iPakiZ KB SHTWIIWLAY, HeliPakicHs
CEFENHEENFEREEZF LTV S,
316888L - X0.16- »FDProPak@HE T Pid, MR 34 »FDEIcES { TS
DEERT— 5 ZFRATE 5,
(HETP)2pe, 0 (B 5 cm) =183V 2. 21 wworeemssomrereerreemessmsssssns s renrecannos 10

TV MEft/BTHRITTHEFTETHYD, AR 1 v FOEDES,
Ve =2.083 X107 Gg eneerrmmrrmmremm oot {10

L35 GIEM0/BTH B, TIibB,
Height-2 = (fzpp.n D2, 0) * (fzre uere (HETP)app. 0]  oomveremoommssmmmecenne 12

CCTC foep uerrBNitroxRISOEBIEFRETHY, HESO/SATHEFchemPP
ELTH B, £/, farrn (FRSFLTIEFh t 2 PP) BREBGEEICINZ 3 RBEK
TH b

AMSE TR SR LA—EORMIC SO T TOREEZHV 3, 1B, ThooE
HOBBIC>WTIETHERT 2,

3—-13
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fiusrr = Fcheml =20
ferp,uerr = FchemPP =20
frn= Fhtl =11
firnn= Fht2PP =11
fara= Fht2HP =11

CNoDRFA—F BANTF—FO—HLIE>TWAEDT, Tof7 L0~ —I3HH
WWEZBTIENTE S,

ProPakdigtimidF A FEFENEW (0. 164 »FDIFETO. 94) fodh, TORHESIRY
BohEWZIEEV, W&34/%®ﬁ®%A.ﬁf&£®%/@ﬁmowmmvakmﬁ
5, SEIORE TR COEZBHBRELE LTRALK, Chid, 50kg/E0F5 Y bo
7 2 RMEOMBRETIRAL 0N 0ETH B, COfd, F2RREL LTRALR
ProPak®Fct L7z 3 A ~F D53 100kg/FEDRE %ﬁﬁtww%M%ﬁofméownoﬁ
RS X ITB U S ERRIIN0. 5psiTH B,

ProPakidHeliPak & 78 0 TSR OENIIBICIE 573\, F/z, 316558L ¥4 X0.16
A »F DOProPakdELMHIT38FL/ L TH 5,

COTHE, F2RBORETOIR MHBISIRAXEREE.NSH 5 L2BRRT
BELV, THiL NitroxBOEEFTICBIF AProPakOHE TPOFEER T —F NN &I
3, LL, IORBEITHrH B3R MREMHNICHAIVHOTHS (HREERES
) 7o, HETPAEICE THLREMI R MCKIETEERIER/NE W,

M-A-2 23R
5 3BT, WERHBLS DD BLEFAMARRT ST Y OB TR OB LVERETS 3.
McCabe—Thiele# 41 777 LOEBES 1 ITIEZXNH D, THIIEHAT AOHKE & BIEE
HEOHICELWL, COEET A VidHZCOERERXDLZAD ERICBWTRE 3, &
DI RERFMGHEEOBRHE L3 EARER BRERUZOEINSOBHFHEO
H#h, HNOsHONONDRAHIEEI) b, BIES A VOHEEZORDEZDERELT
BGOIEREEDET.b/ 67,
ITC, EBREHEON trox@iitil e FE IBA T 2Dz ORI = TRICRT . <

3—-14
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DOEHEREITD LBV TH S, " NEFHBERERKIO LMMSAD TET 3, ZB{LH
H (S0 FESMESMSAY, FRMDA - epii I N ERISHEE » CEFICHH
T B BHEEE S 02Nk 2 5K CIIBRRIEH Thh, NOFREHBOERIThh
%, BRKGQBRISREOKREURARIETH 5, ZFIG(22) DRMEIIHEE 1 €L0E

SEiT-D%65kcal & 78 B,

HZERIN O 3 EA IR
%o T LCAESDNOIL(3h)
OEIGICL >THNQ3: & NOIZ
1%, INKDHARIERST
HBENOEDEBODON O oK
ENB LSBT D, £, KR
RiBICRIh 3,
| RBHSHERC i S L
CEIRFERICEETH S, £IL
W E RRISDIHBRABHE "N
BB EIRD, RBENROHT
& EITINAEENITIL S, RIER
D S O AEERIOETRIITS
CEMTERWVWIELIEETH %,
ZITRWEERED S 0%
BRIZICAD, BROEEEHZE
TILIN S,

B THRET B & 5 NARIK
OFFFLIT ISR S Z > DR
TREFBEEZATVS, H—
I, BERTEEE 1 TN D65Skeal &

NO
to exchange column

HNQO, from
exchangs columa

.

Thermistor-
well

Active
reaction
088

NO
scru’iabi.ng
section

Mzin-
reflux
rezclion
section

WIRZURABERET ZDOENRTABTROBINSLEL LD T &, HBIRIER
WA 2112, 000TMHNOs/HTH B0 iz, BERIGHBEVDOTHHRELEEZHET LD
CHB(CETIER T 2 BRBOHMEEE T/ RS ESRTNTR STV, HEROR
RRBAFORL 2B E, BEANESEEZEL 3, BEORE LR, BIRG, Kok,

3 —15
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ENERFOHE LCRVRIGOFRR I 5. BORERIE, Wit “BYEREORIEIC
RERMEHEEAD L TH S, BRBOARMIEFYICEZEORNEE, SO, &iEk
AOC, {ERATESHEL LTREAYEREANIR UM LI 2A5R) dM—DDTH
%0 100kg/FRIEDO TS v FOBE, & I RPRBICLENRRBIIROL 5L DI B,

(a} 1! BYYOEEEREILLIL 0008
(b) MHELHBEEEILL 12X 10%cn?
(c) BRI SELEmEHIZ2, 800cm?

SO& RIS OWTAREMND 2 A~ — (Corning Process Systems#tRUSchott
Process Systemstd) IKEWEbELER N VIAAFABY 2 )b« F 2 — THEZHR
BeBEARLTIERBIRAENTE—DIOTH 5 L OHRITEL /.

WA —A—t, @HFSRBY 2V F2—THTRBOBERMES A v 2FE T3, O
OEZHRER, @) TABY =L, () ¥z VOBIKEFIBENMBEL DA LT A5
zﬂ$@%;—7.&)2@@%%F—A#B%&éhéo20@%;—7@.Z&Qﬁa
Z s b poly tetraflovorethylene (PTFE) &ROMTEEINT WS, B4 DF
2a=T@{F 2 =T V- MHLTOY VI TY—INTWE, BH F—LIKRF2—-70
BRCF 2~ 7REELEET 2 DOREELRITHS

Linl, ™A —7—ORSBZRE TR, OEREREYT 5 bORIEL, ABRVUBETS
2T TDERRBOFER, EV2LEYRTEI LU ZORDDICLUTORR LK
BhOERTAILETH S,

% REF2-—TOREHOSTADIF 2T V- 2UBT 5, BADHRETTIILI2A
Y F DYz DI 18R DA RUMD F 2 — T HURETSH 5o |
*  F a2— TORRNCIRERN S 22/ & = VOJEEBHKDAR~X LT 5,
* B FN—-L4%, BEBROAORUISEDF o —FICBIFSELWEBOHBEH#BET 5.
HOEESEEE LTELBIIHET 5,
* BEDF 2—TROWTER F—LEI8ROMIL LIS O 480 E LTHEL AR
KHRT %, F—AQZEERR-ZARFHROBNOLE LCHAL, HREBRRIE, DK
%,

3—16
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CNOOBRORIC OV TR, RAMEEOTHE (ppendix. B) PO 2oNESRBa
iz, LRSI E D Fa—T7, MUBEHOXBREREORERTHY, 1-04
HKAAN-RIBADNZ1IBEROCTF 2 — T %EFH2, JIOWESETITH -T2 HOBEM 1= »
FEROEREBICT LI KBET S ENTES,

YLD 2124 F
MEBBOEE : 457m (Scott#) , 402em (Corningih)
Fa—T7OR :HE4m
Fa—7ONE:1L6 m
Fa—TH : 184
Fa—TU—b T ABHEEIEIPTFE
LHMTHEE ¢ L 13X 10°%f (Schott#)

1. 00X 10%crf (Corning#t)
ERICZEREE : 235cf (&)

BRCR~ Tz X Sz, 100kg/FDT T v MTHENRL, 800 DBIETIIEREBEDOFK R
ZRWICERT -7 ICEIL bDTH B, RIBITHELEHEREN, 800l TH B &b,
BT 2 — TORIEROE S %240cnh S50emi{BE T ONEE TH 5, JOEIRAHZH
5F2—TORIDIAD 1 THEN, ThTHHThs,

SO &, SchottHEd1zy FOBARGIEICIEDI=y MUETH B LAE
WL, & SIIENFEISERAICHETS 2, ConingitBoa=y 04, FHOHE
IWHERHREIE LS, T18h5, MEDlEENB LIGaSE L2y MR
REEIED, & LTBIFRABNRBETRIBIZELN S, HE 0T A “50kg28” i
2zy P1IEX L BELDY, 0ENOERBBREEZNO|/I CEMNTELLIICHRELT
B30 |

WEELRBZNRU LDy PEBALTAEORFE (. E5 2ERPEROEET
i, BT 2.HDAHDOEER) @A —HICBVWgbiict 25, kORIENE SN,

Schottd:  : 25 000f (1 &BDa=v I)
20, 000F) (2 BEEBDA= Y })
Corpingdt : 25,0000 (2 TDz2=v MZHOWT)

3 -17
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S DS TN ST S IBEA T 5 Y VR BAT VS, B 15 —2BED
J;wbéﬁﬁbt%%.%@ﬁﬁm.&Eﬁ%ﬁéﬂ%%éﬁﬁofbﬁﬁﬁﬁﬁ%¢d
bELLBTHHI LMNTVE, CHiE, F2—THPF 2—7 Y — MIBEIMIEN
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BEEROIFEENIREBREIC X - TRE S, SEOEETIE, HEOBHEENS
BEWVH Ay MELICBRZBIBITIDREIRMEBRDIAAT VS, JDI0%DEAIEHE
oz ModdAAEOEMNERY, A, BEENEREEI0EE LzEA0. 108/g3 X
PEMRLEFSERLL TS, bL, WREHRON Ry — FEREEREE BV LTS
& G B R EEIHARIL06E D & 20, 10F)/gf&L 125,

L L, EEEOLEEE, FHicBW_>0RF, HBHETP&H X4y — FEHIC
HALTEBLES2bDTHSL, D, HETPAI0NDORHEE,EEZZLEBLRRAT
T, BEOEMS ‘KF BENEHEERIRIETEEICOVLWTEARLTH, Thidic®
MEEBOTLMINWT EEHLTEWTEH LY,

4) 2R MIGA -5 DEE

F-ARUE-S52FLEHIZ3ENNG, TRMMFIA—FZ620AFTVICHE LT,
51 RBEERBRAOEERMOREIRI 2K THEOT, IHhIEEIR DOFEECRIE
TEREZ0. 02MN/gRA T &£ 3, 5 2 MBSO OWTOFHERER PP/, ChEREE
TEEFEIAMOBREBIFETEZIRETH S, BRAKBOIX MRAZEOHRAIEIZS X T
HY, TNIBBRBICHRT BB X MREN0, 20F/g GRUBEENHRIL08) RUC 175
/g CRMEIEIRILE) THE I LEEMKT 5, _

g7, RTRUBZBBORMIZR, KEEIV 7Ly P -10D10G M EBRWTE
EThHbH, COHTTY) OFBBOMEREEDDOTHY, AFMTRFEMA L7,

THbE, |
Ry TOLIRX b = 39,280 ¥
AT edOL&IXh = 133200 ¥
ForDeaIZ b = 106, 300 F
M H}EBOLI X b = 40,000 k¥

‘ZOfbO¥E" O&Ft = 318,780 M
ST XD, IVF Ly HFP 100X ME “FOMDEE" 3 TOIX hD31Y
A5, Lihi=T, P—100MHN10%1EL 1550 & akEE LTHAEVH, 20
BEORET A IRERHERLI0FORET (0.468/8) X0.31=0. 14Fh/gfE 72 5,
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(5) {LEELBOIT(LORE
AREIBIFS S 0. XUH: S O Dl R+HEEOBIT 2 b0TH 5, E— AR
F— 5 DHEIR, BATBOREICRET2OIELZ0EBhN 3,
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V-B ##HEE9.9%D3 X b

99, 096 IBME A ITRRETRST L /oS, =& EEMA TI00ke /B D0, 9% BER T S5
v hNOBEFRE Ui, BEREBIZBEOR X EHGRHBOE Y 2 — VB TH B, R— 612
HEREERIC B 590, 0% BE TS ¥ PO IX FOE EBERT, SITH, F—RA Vb
[RFEEL0. 045, FHMBBEREMIBMEEL0. 00037, £ L THLEE LV AMEERE LTk =k =110
RS 5. K- TIC, 99.9% ' NOEBRIR b EE I BERERERL K RULBELEREY
a2 —VEOBEERLERERT .

RIFEROFMIC OV T, AppendixA — 1 RUA — 2 IS BB HOTBATRLTS 5,

AR — K5 2 — 7 1t 2 RERE. 06D TS5 >+ £989,9%D 75 v FOELEN
i, E2RBBICKNENL 2y — FEBHTH 2, 3 MEEICH WA A4 — FERITIBEE
0K DTS o FHBBER, 99.9% DT T MR TH S (HHEE bERBEHOLUE) . L
L, BROCKEOIZ b ERVREBHBIZ MCEDBHEIINIVDDEL 27, O
T BISHIRRERE %00, 00 599, 9%6iT EIF 3 C iz Xk B o & MEIMIR0. 154/ CGEfIIEENEER %
10EE L, BREROFAPAE RAAEIEWES) |, 0,108/ (RIBEEIHAREILI0E, HEEDOFTEMY
AEeFRALIES) , 0.10M/g (GRAEGEMNERI164E, WMBEOFAMNALL) . 0.0580/g (RUEHE
HISARL6E, WBOFRHED) L7,

R 2RUE-3 (BIEEREEN. %0y —X) OBRICHT 32— A M, 99.0
KT BR—5, K- 6 THEIELBOTHB, TOLII, 98 0%DFEDH R — K¢
FA—FRUTIR MRS A =7 DEFECENUMNIEET 27201003, -4 RUER-LHIRL
o7 =7 WEICHPETEET O BERE 5, FIZAIE, 99. 9% DBBOBROLREICEIT 3
HETPHMEEHE TP 2 £ 52, 5EI101 » 1IBADOFEI. BREHEE0E0ES,
(0. 26F)/g) X (21.07/20.95) =0.26Fb/g (REESCENNAIIL) &703, JDLDITE—4
RUER-5 D2 TOKER, HRBHEEN 9%X0HEICbELMNICENTS 3,
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-6

ARAF—FRSA-F Doz 0w

(BWE:99.9%, MEHRE . 100ke/F)

HiREREE DG HERE=0. 00037
F st A 2 PR =0, 05

ko=1.20
R, =1,=426 R.=468.6 N.(theoretical)=224 N,{used)=248 .
Ri mia=10150 L.=8580 G.,=Q.=8561 [H}}=5546 [EEEiy=5527
W1 (% B B/ | @k,=10l | @k.=1.10 | @k:=120 | @k,=L 30
R, 10. 251 11,165 12.180 13,195
L, (gemn/8) 98, 533 104, 870 113,078 121, 786
G, (gErl/A) 98, 514 104, 350 113,060 121, 768
Q. (etWi/R) 87, 953 85, 790 104, 499 118,207
N, (thoretical) 96 82 75 70
N, (used) 105 a0 82 77
N, (thoretical=used) 28 29 29 30
i IR b (10004 FA) B{yS#HamEE £ ¢
0 a & b F
AR @k,;=1.01 @k,=1.10 @k,=1.20 @k,=1,30
7T FRERGEEEE (A 701 717 736 757
51 aeinig 53 45 41 39
5 2 35iig 13 13 13 13
B I¥ % 14 15 15 15
B 1 FiREE 230 253 276 299
28 22 22 22 22
wEHEE TR 50 50 50 50
fit o 2 318 319 319 319
75 FPEAHE 1, 661 1, 699 1,744 1,793
&7 v hEEM 3, 577 3, 662 3,765 3, 876
FERERB IR MW 943 1,019 1,104 1,189
S0 DEMZ b 858 927 1, 005 1,082
SEREHIR LT 1, 181 1, 266 1, 360 1, 455
2EBEEIX F (1) 823 842 865 889
0 |\ | 2 24 W 341 348 358 368
BN | WEEOIEEIEA 20, 03 21. 07 22,24 23,44
ERAELW
B E
FiEE D FEIN A 15,79 16. 48 17,27 18.09
(k/gd &R
SEFEEIZ D) 709 725 745 766
5 R H ;LS W 227 232 238 245
BEVN | BEEOEEINA 18, 89 19.90 21. 04 22,91
ERAERINL
E H
Wi DI A 14.65 15.32 16.07 16.85
(Fb/g) =RIAL

(a) ﬁ%lnh L2| Gl; G?u le QE. ﬁt%ﬁo ﬁ?ﬁﬁﬁ@ﬁm‘ig-*ﬁ/afééo
L:iRUG: (=1. DR, E4HBERUV—RILEROKRBETT,
Ri=ki* Ry min . Ny G=L2)EARy— FERECE, NREEOAH Ry — FEBEETRT,
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BE-71 Bhilko¥#E (BHEEILIX)

E1HBHFEE=k) - Ri. min
5 2MBiA=k2 * Ro. nin
MDA R~ Fr85 1 —5 : Q= 100ke/5F

Bl & & B f&: (F—sBs b)) =0.045
(% 18 BE = 1) =0.00037

o B F= (2.0 2.0, 1.1, 1.1, L1) 1 @

oM OO OEE o 10& o O A OM B : L5
BEEARKI =y b H® BHEXKBH A= v b I
K2 k=101 LI10 120 1.30 ke k=101 110 120 1.30
1.01 11 12 13 14 1.01 11 12 13 14
L10 11 12 { 13 14 1.10 il 12 13 14
1.20 12 18 14 14 1,20 12 13 14 14
1.30 12 13 14 14 1,30 12 13 14 ‘14
99. 926 iRA ' NDBEET R k- CK Fb/g) 99. X IREE " NOBIX b CR F/g)
k2 k=101 110 120 180 k. ki=1.01 1.10 .20 130
.01 | 20.04 2L.08 2226  23.46 1.0l 18.90 1991 21,06 2223
15.80 - 16,49  17.28 18,10 14.66 1532 16.09  16.87
110 | 20,03 |21.07 | 22.24 23,44 Li0 | 1889 [19.%0 | 21,04 22.21
15.79 116,48 | 17.27  18.09 14.65 |15.82 | 16.07 16.85
1.20 | 20.35 21.87 22,54 23,73 L20 | 1817 20,17 2131 22.48
16,10 16,79 17.57 18.38 14.93 1559 18,34 17.12
1,30 { 20.35 21,37 22,53 23,38 L30 | 19.17 2017 21..29 2215
16.11  19.79 17.57  18.04 14,93 1559 16.34  16.81

() 1HFBOE: ¥ 1 RAEOEAFHE TPIET IS
2 HEEOYIE : ProPakIUEOEFAHE T Pizhig 38K
SEEHOME : 3 | B OERBHIHT 3 EH
4 ZHEHORIE : ProPak RIAROERBEICH T 2 RE
5 FHEOHIE : HelipakFciRE OBERBEICHT 2B
(B Bio=v FOLEHKII, FREENEEE ERARTH 5,
(0 LROYERFEEOSTMRAZEB LU \iﬁ’é'@gﬁ%. TERORBERFMNAZESET 3
BADEMEFRT.
(@ BTHAKRER, BETEART—FRS1-9THE,
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V—C #B5EWN.0%D3X b

CCTHBURRBEEN 0OXAICEBR LI Ry — FOEOEX LBRERUE Y 1 — LK
KW OO OEBEEMA, 100ke/FEHRIEDW0. 0% BEHE TS~ MBI B3 I X PEEET - 720
SRET T MIOWTRLIEER - 2RUE~ 6 LEROET, F—- 8IS0, 0%BH ° N
IR MOEEER LI, 90.0%FA 77 v FORBDEGEREE, F— S8 ¥ MBREEE. 05,
RBEE 0. 00037, k1=110, k.=1.20TH%, SIEEMHEEN. 0% T IBAD
90. 0% D3 X FOEMEWL, BREOZLWEDICL M, EoRBEoFZxomicbk
%o Z— VICHIGBEES. 0% DBEDE 1 ¥ 7 ¥ a VOBHILk ) L BRBOEY 2 — ¥
ERNT o HoniRiER9. 0% & K L/ B & 0RFEOBM DI L 23X METIR, 1.20M/g (&
E{EENI0EE, FIBRFEANZAL) . 0.80FN/g (RUEEEINION, FEESTAIS D) , 1.20f0/g GEMEX
HI154F, BRAESEHIG L) , 0.80F)/g GRUBMEENISE, WRESTHD D) L1i-7,

O X PEHEOFHNIC DWW TidAppendixA— 5, A— GICETEBIEADOETRLTH 5,

- 2RUE—-3KHTBRER, 90.0%I2WTOHE - 8 RUE— 9ITRTF—Fizo0
THENTH B, WEBEED. 0%DBEDH Ay — FRUTZ M35 4 — 2 ORI, 99,0
KD WTR LR — A RUE~ 5 OHIGT 5 M8 EE—FT 5,

=— 8 (BIRIRAEE0.0%) =& —2 ([H99.0%) RU%E—6 ([F99.9%) &HEd 5 L&,
90, 0% DIBEDHENV DO BEBOBAELVEL BV EdDM 5, LML, TOFERHY
Ar— FEEMSTZEEOITRBSRW, JIT BEEOCRLZ 32075V MIAEL
T (B1BPNRBE A F, BLENARIAA V7)Y, RV, 27, BRBEER
LTWBDENS, NIXDES, 770 ORBREEDTCEERS LIFhiZb-4&3 X h
ZTFoNZ0TRIAVWAEWVWIERNEL D, 2% D, HEE9, 096K U9, 9%k LTE
ERENIOXETFONZOTRITONENIZETH S, LIL, JOXINHEBOEMIE
Tiead 1 BPd I Licolidi b, Bt | BOMEAH23, 000F10 & %, Fiab U3l (M-~
CER) B 2EMBEIAMNCUMT 223X NEBEETELE, BRB1IEDEBMIETS
v MNEEE (M) & (=74 UF 4 +HRSF+ ) OS54 98X 23, 000Fh= 114, 540
PN TK 2, COWEIR MIS 0.010%DEINEMR 2 &, BEROHEMcLZAY v
MIEHE L &85,
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£~ 8

ARAF—-FNI A=y gz OHH

(IB&EE - 90%, ZEHE . 100kg/E)

EiREE R 48 5 =0, 00037
F—o U A bR EIAAE =0. 05

k:=1.20
Rz min=343 2=411.68 Ni(theoretical)=125 N, {used)=137
Ri min==10.428 L.=7588 G.=Q:=7520 [Ffl=4996 iBigip=4978
21 (GEE EE #5-) | @k,=1.01 @k,=1.10 @k,=1.20 @ k=130
R, ' 10,532 11. 470 12,518 13,565
L, (geii/H) 86, 926 94, 004 101, 864 109, 724
G, (guN/8) 86, 911 93, 985 101, 846 108, ‘706
Q. (eEiN/B) 79, 301 88, 465 94, 328 102, 186
N, (thoretical) o8 84 77 72
N, (used) 107 92 84 79
N, (thoretical=used) 28 29 20 30
i TZ B (10003 i) BftmomBEig<
A a A b B F
HAR @k,;=1.01 @ki=1,10 @ki.=1.20 @k,=1.30
73 MERBRW 873 689 708 729
5 1 3EfAE 54 46 43 40
B2 aig 8 8 8 8
Bl e i 14 15 15 15
512 207 230 253 278
B 2 B 22 22 2200 22
ERE 50 50 50 50
ittt o & 22 319 319 319 319
£S5 PEATG 1,595 1,633 1,678 1,728
&£ 75 v FEAW 3,431 3,516 3, 618 3,728
FHEHEHI X MM 849 919 997 1,075
S0, DE/F I X b 772 836 907 978
2EBEH TR b (D) 1, 075 1, 153 1,240 1,327
SEREEIR b (Z) 790 809 832 856
IOEE |k ffi B B 042  (D 827 335 344 354
BEN | HEOFHIRA 18.77 19,75 20. 85 21,98
ZRIAZHL
B {5
HEEDFEENR A 14.93 15. 58 16, 33 17. 11
(¥i/g) w=RIAL
SEMEEIZ F D) 681 697 717 738
158F |igk & & #0 & (B 218 223 229 236
BN | BB OZEIMEA 17, 87 18.62 19. 69 20, 79
FHEAEIN
E
i D FEHIR A 13.82 14,45 15,17 15.92
(Fn/g) 2RAD

(a) H&\L,., Lo Gi, Gz Qi Qi 47 HIEKOBLIIIe-W/HTH S,
LiBRUG: (=L 211, BAHEBRU-B{LEROHKBERT.

Ri=ki*Riumin., Ny (=1, DRHI A5 — FEEE, NsRERBOH R 45— FEBEMEERT,
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T-9 HELOBE (BEEI%)

ﬁlgﬁiﬁﬁfﬁ=k1 " Rl. mia
EofEml=X%2* Rz nsn
MDA Ry = Fo3F A — 5 BlLEIRIE = 100ke/5E

Bl I & # ®R: (F—rofqvb) =0.05
(% {8 B 3¢ ¥ =0.00037

ft @ B F= (2.0, 2.0, 1.1, 1.1, 1.1) 1@

BB KN OBE o 1048 WO BB 15&
BHELEELI= v b H® HELERI= v b HY
ks k;=1.01 1.10 1. 20 1. 30 ka k=101 1.10 1. 20 1.30
1.01 10 12 12 13 .01 10 1i 12 13
1.20 10 12 .12 12 ’ 1.20 10 11 12 12
1.30 10 11 11 12 1.30 10 11 11 12
99, 0% B " NOBEI R b (Gt Fil/g) 99. 026 AE' " NDEMIZ b CK Fa/p)
ks k,=1.01 1.10 1.20 1,380 ka k=101 1.10 1.20 1. 30
1.01 18.77 18.75 20. 85 21,98 1,01 17.67 18.62 16,69 20.79
14,93 15.58 16.33 17.11 . 13.82 14. 45 15,17 15,92
1. 20 18.76 19.72 20, 82 21. 60 1.20 17. 66 18. 60 16. 66 20, 44
14. 92 15. 57 16. 31 16.75 13.81 14. 44 15.15 15, 59
1.380 18.76 19,72 20. 46 21. 57 1. 30 17.66 18.59 19,34 20. 41
14. 92 15. 57 15,96 16.73 13.81 14, 44 14, 84 15,58

(a) LEBEHOHIE: F1RBOEEXHE T PicHd o8
2 BEOMIE : ProPaGEUEDEAN B T P2 B
IBEOMHE : B | TEOEBEMIHT 3R
4 ZEOHIE : ProPak iR OBREBEIIH T A EMK
5 2 BRI : Hel ipalGeBUE DRI ERAICH T 55X
B BRI FORERE, REEEEEE EEETS 5,
(0 EEROMERHBORMRALSELEVEAOEES, TROBBUSINALSET 5
BADBELRT,
() BCEAMER REFEHRT— K35 A—5TH 5,
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V. % &

IAHEEES0. 096, 99.09, 99.9% D' NZEEI0ke DI TEET 218602 b, 1992
FHRAEDU. 8. FAR—20RBRHEERONCFELEMIE SO CTHE L. BidiEy
BREDHRT =5 A~ %K ~-101RF &L, HIEGTIEFIA MEE-11TFRT,

SEOFH I X b TH—RAORHEERTF I, NitroxRIBRISOEETIcB 3FEHOH
ETPTH 5, EWICIFATAELHE T PEIIERIMNICE L @MV, HEDE T AEE
EREDETH B, AFFMIE, @< “short in the dark (@EIS/-DITR+4) * RigEE
HETPEESL bDTH B, HE TPENBSENMT S L, 90.0%. 99.0%. 99. 9% nek
BND 32 MIREEEEEL0EDIEA T0. 26F1/g, 15EDEATO, 231/giEind 2,

AFMTEGT 2 TS B MORFIRIME—, IV FLyHP-13 (B-1) OEET
Y, FRULIOANE DL L IGBETH S, (hOLBERVEZ X MII2ERRED
EIEORHEBIE S OTH B, BhELTIND 2 DOREERTHIEE LHLVEST,
BB ARENORR S EARROER LR U TH S E 5151, B LRI B
IR MOREEIZE0. 25MAE LB,

MAT, FFHBERUTIRRBREOTER LA DOTHEEE2FERBELTE

@ FH&ELTOMBRBAYE L RIBREDHEROTIMNALEE LI,

o) 75 MERMOIMR, T MEFRIEESENN,

) EZBOAHRIIERLEIW,

d ®MZ8%EL, 77 M OMORERRDERMEIEROTSGIEHBEINS,

REIC, PNOBFEIRX MIOWTEICESHET 384, ROZAIKESEEB(~NEIL
=i L TH <,

E—id, BOERLICEEN, NitroxRBRIGOEETICHY 2F MO HE T P 2581
RKHBILETHB, BEUEDII, RERUVEL L IIELAEEOENE LTOHETPOF
—5ThHB. BEDT A XeBLEREL LIt 2 4FE RV, HETPvsii0 oy b %
SMET B DIFIRI DT -7 BNELN B,

BZoOAE, & LTHERKBICOVTORL VBT 5. BERAIHY 58 bHES
BHREIHEMEFHETHY, EHEHIZ MPITRBEVETROBIFHOBARTH 2, &
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IRV ERBRBECARBEL b L > TED, 100kg/FOREEBICEVWTazy b
MU~ RELBETH B, LU, 4,500ke/FICRAr— N7y 7LEBEIC, ooy b %
S00EEHT 2 EVWIDIEIRNTHEDT, JOBRRSVWTIRIIORINRER LIS,
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Z-10 BEIZyr—-—FNSt—ygrd

<5 - % 90, 0% 9.0% 99. 9%
B m B CGRED 0. 00366 0. 00366 0. 00366
F—sEASL 2 b 0. 050 0. 050 0. 050
& R 0. 800 0. 990 0. 999
wiBEEY 0. 00037 0. 00037 0. 00037
& i E13 11.470(1. 10)* 11. 388(1. 10} 11, 165(1. 10)
Eo 411.6(1. 20) 458, 0(1. 20) 468. 6{1. 20)
Z o
5 1 5iRig Feiatt INTP-15 INTP-15 IMTP-15
BEHE B {vf 6 {vt T B4y
hAk-VEREL 925 Q28% 90E%
FEHESX 68 m 68 m 67 m
52 33ifiE EbiE ) PrpPak-0. 16 PrpPak-0. 16 ?erak~0.' 18
BEAR 3 v 3 vt 3 4
hAr-PEREL 137E% 188 246E%
FIEES 13 m 19 m 25 m
=1 -3 Fehgit IMTE-15 INTP-13 IMTP-15
ERE 6 {v 8 {vF 6 1¥
WAr-FER L 2062 205 DOEE
FIRAER X 22 n 22 m 22 m
BISRFER
10 i1 il
o1 EiRtya-Id
=2 i BiRESa-M 1 1 1
HOB EW/E
4, 996 5, 498 5, 546
B #H
& 18. 27 18.27 18.27
RIEEEY 4,978 5,477 5, 527
B 1 % i | 94, 004 108, 428 104, 370
| 4 93, 985 103, 410 104, 350
g 2 % iw 48 7,538 8, 349 8, 580
<& # 7.520 8, 331 8, 561
B R # W M| 89, 007 97,833 98, 823
& H 93, 985 103, 410 104, 350

*  JEMAIOTFRK ICENT AETH 5,
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F-11 UNEFERORMIR T LD

£ B M 3 2+ CEF/AESND
B E WA B AR 104 U (AN A R 1548
WEEEE | SEHE 7 i FHMAE
90. 0% 19.75 . 15.60 18. 60 14, 45
99.0% 20. 95 16, 40 19. 80 15, 25
99, 9% 21. 10 16. 50 19. 90 15, 30

* o “IREESTADT OFEE L, BlERYTH ATEEOFEHINAEER
LIahBMnEiRTo 708, IZ M 0 ik 5ty NIER Uiz,
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Appendix for Report No 3!, BITO/i—FARUB»SHE S,

A, FHE7 0754 “50ke28” DA
A— 1 :1RHEEE99. 0%, MUMEMHEENIRII04E (100kg/EE)
A—2 : [REERE99. 026, WAE{EENAARIISE (100ke/E)
A— 3 : [BHEEESS. 9%, WUEEEATHARILOM (100ke/)
A4 EER99.9%, WABACEIAIELSE (100ke/%)
A—5 : FRFEEG0. 0%, RUBMEIIHRIL0E (100ke/5E)
A— 6 : JRHEEE00. 0%, EMEEIARIISE (100ke/EE)

B. HEEREOERRHHHE
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Appendix A for Report Ko. 3

( Representative Printouts of Program 50Kg2S )
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Power Reactor and Nuclear Fuel Development Corporgtién

by
T. Ishida and Wm. Spindel

- August, 1992
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A-1: 99.9%
10 yr

*&%k%  Qutput of Program 50Kg2S ik

Section #1 is lower enrichment column (subscript = 1)
Secrion #2 is upper enrichment column (subscript - 2)

all flowrates in moles/day

L = moles HNO3/day

= moles NO/day
P = moles product/day

= moles refluxed/day/G

product w = waste

G
R
Subscripts: f = feed P
Y = HNO3 X = NO

N-15 atom fractions: -
alpha = 1,055 ¥f - .00366 Yw = ,00037

¥p2 - ,999 P2 = 18.2700 moles (N15+Nl4}/day @ 99.90% N-15
R(min) of one-section cascade -~ 5236,

URIT COST PARAMETERS TFOLLOW:

Enrichment Col. Section 1: Packing = $ 5820. per cubic meter
Liquid distributor = § 1000. each
Liquid redistributor =~ § 450, each
Others (packing support, collector, etec)= § 450, per set
Pipe for the column = § 75.00 per foot

Enrichment Col. Section 2: Packing; ProPak = § 38. per liter
Packing; HeliPak = § 275, per liter .
Liquid distributor = § 200. each
Liquid redistributor = § 55. each
Others = § 200. per set
Pipe for the column = § 25,00 per foot

Product refluxer, both sections: Column = § 20000. per unit
' Reflux splitter = § 1000, per unit
Others (NO2-scrubber, ete) = § 2000. per unit

Vaste-end refluxer: § 50000.

Tanks: Tank 1 = § 9000. Tank 2 = § 27600. Tank 3 = § 4300. Tank 4 = § 2900,
Tank 5 = § 2100. Tank 6 = $§ 46500, Tank 7 = § 4300, Tank 8 = § 9600,

Pumps: Pumpl = § 2400. Pump2 = § 4500. Pump3 = $ 3000. Pump4 = $ 5000, Pump5 = $ 3000,
Pumpb = $ 1700, Pump7 = $ 2000. Pumpd = $ 3200. Pump9 = $ 3000,
Pumpl? = $ 1380. Pumpl8 = § 3600. Pumpl9 = § 4500, Pump2l = $ 2000,

Compressors: PLO = § 6800, Fl3 = $100000. Pl4 -~ § 3050, P15 = § 3050,
P16 = $13300. P20 = § 7000.

Heat exchangers: HX 1 = $ 10000. HX 2 = § 3000, HX 3 = § 14000,
HX 4 - § 8000. HX 5 = § 5000, HX

S02 : § .0156230 per mole
H2504: § .008030 per mole in 9.6 M H2504
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PROCESS-CAPACITY AND SAFETY FACTORS DEFINED BY USER

Fcheml = 2,00: Multiplier for HEIP of Section-l1 enrichment column

FchemPP = 2,00: Multiplier for HETP of Section-2 enrichment column packed with ProPak
Fhtl = 1.10: Multiplier for Section-l enrichment column height

Fht2PF = 1,10: Multiplier for ProPak-packed column height

Fht2HP = 1,10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment column is Pro-Pak,

FLOODING LIMITS OF THE PACKINGS

Glmax = 126,000 moles NO/day for Section-l exchange column
o (~ 85% of flooding flowrate in the 6" I.D., column)
GZPPmax = 12,000 moles NO/day for ProPak (Size 0.16")
(= 90% of flooding rate in the 3" I.D. column)
L2HPmax = 5,910 moles HNO3/day for HeliPak (Size C)
(= 90% of flooding rate in the 3" I.D. column)
When HNO3 flowrate exceeds 5,910 mole/day in the Heli-Pak packed column,
the column I.D. is increased to 3,5".

MAJOR OPTIMIZATION PARAMETERS AND THEIR DEPENDENRT VARIABLES FOLLOW:

B LR et s T b T e e L e e e e e e e e

*
: Amortization period = 10yrs Annual interest rate = 8.00 % :
: Atom fraction @ taper =  .0450 :
: RZ2(min) = 426, N2(min) = 181 Nl(min) = 46 *
:*****************************************************************************:

Feskkk ek bk ek ek ke bk ek ke R ek bk kb ke ke Ak kA oAkok

k¥ Theoretical Flow Parameters Follow %
ek bk gk bk v ek ko R e ek ok

Fac2 R2Z L2=P1 G2 N2 Rlmin Faecl RI 11 Gl N1 Rflowl Ns Waste Teed

.01 11.253 96540 96521 96 88660 26 5527 5546
.10 12,255 104440 104422 82 96561 27 5527 5546
.20 13,369 113218 113200 75 105339 27 5527 5546
.30 14.484 121997 121978 70 114117 28 5327 5546

1.01 430.3 7879 7861 240 11.141

.01 10.251 96533 96514 96 87953 26 5527 5546
.10 11.165 104370 104352 82 95790 27 5527 35546
.20 12.180 113078 113060 75 104499 27 5527 5546
.30 13.195 121786 121768 70 113207 28 5527 5546

1.10 468.6 8580 8561 224 10,150

.01 9.315 96525 96506 96 87167 26 5527 5546
.10 10,145 104292 104274 82 94934 27 5527 5546
.20 11.067 112922 112904 75 103565 27 5527 5346
.30 11.989 121553 121535 70 112195 28 5527 5546

1,20 511.2 9358 9340 216 9.223

R e e e

1,30 553.8 10136 10118 211 8.438 1.01 8.522 96517 96499 96 86381 26 5527 5546



PNC PN8410 93-065

.10 9.281 104214 104196 82 94078 27 5527 5546
.20 10.125 112767 112749  75.102631 27 5527 554§
.30 10,969 121319 121301 70 111183 28 5527 5546
1.40 596.4 10914 10896 207 7.765 1.01 7.842 96509 96491 96 85595 26 5527 5546
.10 8,541 104136 104118 B3 93222 27 5527 5546
.20 9.318 112611 112593 75 101697 27 5527 5546
.30 10.094 121086 121068 71 110171 28 5527 5546

2 R

Fohkkhdkikkb ikt kdhbk bbbk bbbkt dihih kit

*k%x%  Actual Column Dimensions Follow ik
kAR R R A& Rk AR ARk kR Rk h ek ek d ki k d kK kR dnk

Fcheml ~ 2,00 FchemPP = 2.00 Fhtl = 1,10 Fht2PP = 1.10 Fht2HP = 1.10

Section 2 Section 1 Stripping Section

Fac2 Dia2 HETP N2 Ht2 Reflx Facl Dial HETP N1 Htl Reflx Dia HETF Ns HtS

inch cm used m units inch em used m units in cm  used meter

1.01 3.00 10, 284 25, 1 1.01 6.00 74. 105 78. 10 6.00 74, 28 21.2
1.10 6.00 74, g0 6&7. 11 6.00 74, 29 22.0

1.20 6.00 74, 82 61, 12 6.00 74, 29 22.0

1.30 6.00 74, 77 57. 13 6.00 74. 30 22.8

1.10 3.00 10. 246 25. 1 1.01 6.00 74. 105 78. 10 6.00 74, 28 21.2
1.10 6.00 74 90 &7. 1l 6.00 74, 29 22,0

1.20 6.00 74, 82 61. 12 6.00 74. 29 22,0

1.30 6.00 74, 77 57, 13 6.00 74, 30 22.8

1.20 3.00 11, 237 25, 2 1,01 6.00 74. 105 78, 10 6.00 74, 28 21.2
1,10 6.00 74. 90 67. 11 6,00 74. 29 22,0

1.20 6.00 74, 82 61. 12 6.00 74, 29 22.0

1.30 6.00 74, 77 57. 13 6.00 74, 30 22.8

1.30 3.00 11, 232 26. 2 1.01 6.00 74. 105 78. 10 6.00 74. 28 21.2
1.10 6.00 74, 90 67, 11 6.00 74. 29 22.0

1.20 6,00 74, 82 61, i2 6.00 74. 29 22,0

1.30 6.00 74. 77 57. 12 6.00 74, 30 22.8

1.40 3.00 - 12, 227 26, 2 1.01 6.00 74, 105 78. 10 6.00 74, 28 21.2
1.10 6.00 4. 91 68. 11 6.00 74, 29 22.0

1.20 6.00 74, 82 61. i1 6.00 74 29 22,0

600 74, 78 58. 12 6.00 74. 30 22.8

=
W
=

O Lttt T T e T T E S e e

*kkd** Cost Analysis Qutputs Follow Wbk
B R T e e e s

Frd R R R R R R ko ot Ak b R A ke ke kb ek ek ek ek dede dedeokedeode



PNC PN8410 93-065

xx%k Fac?2 = 1,01 Reflux ratio of Section 2 = 430.3 %%
B R T L L AL x & B R

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of R1,

1.01 1.10 1.20 1.30
11.253 12,255 13.369 14.484

p-column 382523, 398336. 417465, 438253,

ExColl 53086. 45344. 41473, 38708,
ExCol2 13561, 13561. 13561, 13561,
Strip 14377, 14930. 14930, 15483,
Reflxl 230000. 253000. 276000, 299000,
Reflx2 21500, 21500. 21500, 21500.
WastRf 50000. 50000. 50000. 50000,

A-pumps 39280, 39280. 39280. 39280,
A-comprs 133200. 133200. 133200. 133200,
as-tanks 106300, 106300, 106300, 106300,
A-heatex 40000, 40000. 40000, 400C0.

701305, 717116. 736245, 757033,
420783, 430270, 441747, 454220,
98183, 100396, 103074, 105985.
210391, 215135, 220874, 227110.
21039, 21513, 22087. 22711,
210391. 215135, 220874, 227110.

L]
a3
o
ot
fu
]

1662092.1699565.1744901,1794169.

664837, 679826. 697960, 717667.

0. 0. 0. 0.
664837, 679826. 697960. 717667.
415523, 424891, 436225, 448542,
171210, 179890, 189723, 199754.

3578498.3663998.3766769.3877800.

-802 857681, 927883.1005887,1083889,
-HNO3 64755. 70055. 75944, 81834,
-Air 8380. 9065. 9828. 10590.
-H20 11922, 12898, 13982, 15066.

-total 942737.1019902.1105640.1191379.
0. 0. 0. 0.

99726. 101974. 104694, 107650.

B3105, 84978, 87245, B9708.

8310. 8498, 8725. 8S971.

47137. 50995. 55282. 59569.

w0 O 2 e = PR G e T [ mEmD aw e

1181014.1266347,1361586.1457277.

340729. 348411. 357705. 367805.
150808. 19511C0. 200315. 205971,
9588. 10074, 10624, 11186.
190808, 195110, 200315, 205971.
91415, 93476. 95970. 98679,

3 - o R — R |

823348, 842181, 864928. 8895611,
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$N15_w/o
$N15with

20.04
15.80

21.08
16.49

22.26
17.28

23.46
18.10

Tedrink itk i ik ook b b A A Tk kb ke d bbb AR ek Ah A hok i hd ke ke ek

*%% TFac2 - 1.10 Reflux ratio of Section 2 = 468.6 k%
B L b Lt T Ltk

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of RI,

1.01

10.251 11.165 12.180 13.195

1,10

1.20

1.30

A-column 382230. 398041. 417170. 437958,
ExColl 53086. 45344. 41473, 38708,
ExCol2 13267. 13267. 13267. 13267,
Strip 14377. 14930. 14930, 15483,
Reflxl 230000. 253000, 276000. 295000.
Reflx2 21500, 21500. 21500. 21500,
WastRf 50000. 50000. 50000. 50000,

A-pumps  39280. 39280. 39280, 39280.

A-comprs 133200, 133200. 133200. 133200.

A-tanks 106300. 106300, 106300. 106300.

A-heatex 40000, 40000. 40000. 4COCO.

A-total 701010, 716821. 735950. 756739,

B 420606, 430093, 441570, 454043,

c 98141. 100355, 103033, 105943,

D 210303, 215046, 220785. 227022,

E 21030, 21505. 22079. 22702,

F 210303, 215046. 220785, 227022,

G 1661393,1698866.1744203.1793470,

R 664557, 679547, 697681. 717388,

I 0. 0. 0.

J 664557. 679547, 69768l. 717388,

K 415348, 424717, 436051, 44B368.

L 171169, 179795. 189567. 199538.

M 3577025.3662471.3765182.3876152.

N-502 857619. 927261.1004642.1082022,

N-HNG3 64750, 70008, 75850. 81693,

N-air 8379. 9059. 9815. 10571.

N-H20 11921, 12889. 13965, 15040.

N-total 942669.1019218.1104272,1189326.

0 0. 0. 0.

P 99684, 101932. 104652. 107608,

Q B3070., 84943, 87210. 89674,

R 8307, 8494, 8721. 8967.

5 47133, 50961. 55214, 59466,

T 1180862.1265548.1360069,1455042.

U .340586. 348268. 357562. 367661,

0.

0.



PNC PN8410 93-065

e

190728, 195030, 200234, 205890.

9585. 10069. 10616, 11174,

150728. 195030. 200234, 205890.

91377. 93438, 95931. 98641.

Z 823004, 841833, 864577. 8B9257.

SN15 w/o 20.03 21,07 22.24 23.44
$Nlswith 15.79 16.48 17.27 18.0%

khdkkkddhdddddhkkkhdhikikkkhiichhhkddkkkikikbihhdkkikiiikkikkkkx

*%% Fac2 = 1.20 Reflux ratioc of Section 2 = 511.2 #=%
ek b gk kA A kR R kv A g e stk e ek e ok e e ok ek ek

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl,

1.01 1.10 1.20 1.30
9.315 10,145 11,067 11.989

A-column 403905, 419720. 438850. 459638,

ExColl 53086. 45344. 41473, 38708.
ExCol2 13446. 13446. 13446. 13446,
Strip 14377. 14930. 14930, 15483.
- Reflxl 230000. 253000. 276000. 299000.
Reflx2 43000. 43000. 43000. 43000.
WastRf 50000. 50000. -50000. 50000.

A-pumps  39280. 39280. 39280. 39280,
A-comprs 133200. 133200. 133200. 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000, 40000. 40000. 40000.

A-total 722689. 738500. 757630. 778418.
433613, 443100. 454578, 467051.
101176, 103390, 106068, 108978.
216807, 221550, 227289. 233525,

21681. 22155. 22729. 23353,
216807. 221550. 227289. 233525,

1712773.1750246.1795582.1844850.

685109. 700098. 718233. 737940,

0. 0. 0. 0.
685109, 700098. 718233, 737940,
428193, 437562, 448896, 461212,
173763. 182329, 192034, 201938,

R PRuHTD 6@ H"Eoow

3684948.3770334.3872977,3983880.

N-802 857550. 926570.1003258.1079947.
N-HNO3 64745, 69956, 75746, 815336,
N-Air 8378. 3033, 9802. 10531.
N-H20 11920, 12879. 13945. 15011.

N-total 942593.1018457.1102752.1187046.
0 0. 0. LR 0.
P 102766, 105015, 107735, 110691,
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85639. 87512, B89779. 92242,
8564, 8751. 8978, 9224,
47130, 50923. 55138, 59352,

2R Vo)

1186691.1270659.1364381,1458556.

351119. 358800, 368094, 378194,
196626. 200928. 206133. 211789,

9731, 10210. 10754, 11309.
196626. 200928, 206133, 211789,
94203. 96264. 98757. 101467.

o+ =R |

Z 848304, 867131. B889871. 914547.

$N15 w/o 20.35 21.37 22,54 23.73
$N15with 16.10 16.79 17.57 18.38

dkkkdkdhkkibh bbbk ddkthdd b h b id bbb d b d kit h b hd b bk h ok ke

**% Fae2 = 1,30 - Reflux ratic of Section 2 = 553.8 %%
e d At i b e s s ek e s otk ke ke ek ok ke e e ek e ok ek e ek

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10 1.20 1.30
B.522 9.281 10.125 10.969

"A-column 404236. 420047. 439176. 436964.

ExColl 53086. 45344, 41473, 38708.
ExCol2 13773. 13773. 13773. 13773.
Strip 14377, 14930. 14930, 15483.
Reflxl 230000. 253000. 276000. 276000.
Reflx2 43000. 43000. 43000, 43000,
WastRf 50000. 50000. 50000. 50000.

A-pumps 39280, 39280. 39280. 39280.
A-comprs 133200. 133200. 133200, 133200,
A-tanks 106300, 106300, 106300. 106300.
A-heatex 40000. 40000. 40000. 40000,

A-total 723016, 738827, 757956, 755744,
433809, 443296, 454774, 453447,
101222. 103436. 106114. 105804,
216905. 221648. 227387. 226723.
21690. 22165, 22739. 22672.
216905, 221648, 227387. 226723.

HEOoO

(]

1713547.1751020.1796356.1791114.

685419, 700408, 718542, 716446.

0. 0. 0. 0.
685419, 700408. 718542. 716446,
528387. 437755, 449089. 447778,
173795. 182301. 191940. 199018,

3686567.3771892,3874470.3870801.

Z X KGRI

-502 857480, 925878.1001875.1077873.
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N-HNO3 64740. 69904, 75642, 81379, .
N-Air 8378. 9046. 9788. 10531.
N-H20 11919, 12870, - 13926, 14982,

N-total 942517.1017697.1101231,1184765.
- 0. 0. 0. 0.
102813, 105061. 107781, 107467.
85677. 87551. 89818. 89556.
8568, 8755, 8982, 8956.
47126, 50885. 55062. 59238,

[N --Fol,. N

1186700,1269949,.1362874,1449982,

351277. 358959. 368253, 367178.
196715. 201017. 206222, 205620,

9733. 10209. 10749, 11145,
196715. 201017. 206222, 205620,
94245. 96306, 98800. 9851l.

MMotda =

Z 848685. 867508. 890245. 888074,

$N15_w/e 20.35 21,37 22.53 23.38
§Nl5with 16.11 16:79 17.57 18.04

b e e e e T e e e e e S R e

*%%k Fac2 = 1.40 Reflux ratio of Section 2 = 596.4 %%
Fekkhedkdeieok ko o sk ekt sk e sk bbb ok sk ek e s e R sk ke ke dede ok

* In the following table, the headings for Column 2 to 11 are wvalues of Fael, and
* the second row lists the correspending values of RI1.

1.01 1.10 1.20 1.30
7.842 8.541 9.318 10.094

A-column 404600. 420965, 416541. 437882.

ExColl 32086, 45897. 41473, 39261,
ExCol2 14137. 14137. 14137. 14137,
Strip 14377. 14930, 14930, 15483,
Reflx]l 230000. 253000. 253000. 276000.
Reflx2 43000. 43000. 43000. 43000.
WastRf 50000. 50000. 50000. -50000.

A-pumps  39280. 39280, 39280. 39280,
A-comprs 133200. 133200, 133200. 133200.
A-tanks 106300. 106300. 106300. 106300,
A-heatex 40000. 40000. 40000. 40000,

A-total 723380. 739745, 735321, 736662.
434028, 443847, 441193, 453997,
101273. 103564, 102945, 105933,
217014, 221923, 220596. 226999.

21701. 22192. 22060. 22700.
217014, 221923, 220596. 226999,

1714412.1753195.1742711.1793289.

685765, 701278, 697084, 717316.
0. 0. C. 0.

faa =1 c3 WMot
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J 685765, 701278, 697084, 717316.
K 428603. 438299. 435678. 448322,
L 173832, 182345. 189090. 198927.
H

3688376.3776394,3761647.3875170.

N-S02 857411, 925186.1000492.1075798.
R-HNO3 64735. 69852, 75537. 81223,
N-Air 8377. 9039. 9775. 10511.
N-H20 11918, 12860. 13907. 14954,

N-total 942441,1016937.1099711,1182485,
0. 0. 0. 0.
102865. 105192. 104563, 107597.
85721, 87660. B7136. 89664,
8572. 8766, 8714,  8966.
47122. 50847. 54986, 59124,

1186720.1269401,1355108,1447837.

351454, 359405. 357256. 367624,
196814, 201267. 200063. 205870,
9735. 10211. 10589, 11140.
196814, 201267. 200063. 205870.
94293. 96426. 95849. 98631.

KMEdd B wuRroO"o

A 849110. 868576. 863820. 8B9134.

$N15_w/o 20.35 21,38 22.18 23.36
$N15with 16.11 16.80 17.24 18.04

4-10



PNC PN8410 93-085 A-2: 99.9%

15 yr
*¥Fw%k  Qutput of Program 50Kg2S sk
Section #] is lower enrichment column (subscript = 1)
Section #2 is upper enrichment column (subscript = 2)

All flowrates in moleé/day

L = moles HNO3/day G = moles NO/day
P = moles product/day R « moles refluxed/day/G

Subscripts: £ = feed P = product W = waste
N-15 atom fractions: Y = HNQ3 X = NO
alpha = 1.055 YE£ = 00366 Yw = .00037

Yp2 = ,999 P2 = 18.2700 moles (N15+Nl4)/day @ 99.90% N-15
R{min) of one-section cascade = 5236,

UNLIT COST PARAMETERS FOLLOW:

Enrichment Col. Section 1l: Packing = § 5820, per cubic meter
Ligquid distributer = § 1000. each
Liquid redistributor = § 450. each
Others (packing support, collector, etc)= § 450. per set
Pipe for the column = § 75,00 per foot

Enrichment Col. Section 2: Packing; ProPak = § 38, per liter
Packing; HeliPak =~ § 275. per liter
Liquid distyibutor = $ 200. each
Liquid redistributor = § 55. each
Others = § 200. per set
Pipe for the column = § 25,00 per foot

Product refluxer, both sections: Column = § 20000, per unit
’ Reflux splitter = $ 1000. per unit
Others (NO2-scrubber, etc) = $§ 2000. per unit
Waste-end refluxer: § 50000.

Tanks: Tank 1 = § 9000. Tank 2 = $ 27600. Tank 3 = $ 4300. Tank 4 = § 2900,
Tank 5 = § 2100. Tank 6 = $ 46500, Tank 7 = $ 4300. Tank 8 = § 9600.

Pumps: Pumpl = § 2400. Pump2 = $ 4500. Pump3 = § 3000. Pumpé = § 5000. Pump5 = § 3000,
Pump6 = $ 1700. Pump7 = § 2000. Pump8 = § 3200. Pump9 = § 3000.
Pumpl7 =~ § 1380. Pumpl8 - $ 3600. Pumpl9 — $ 4500. Pump2l = § 2000,

Compressors: P10 = $ 6800. P13 ~ $100000. P14 = $ 3050. P15 = § 3050,
P16 = $13300. P20 = § 7000.

Heat exchangers: HX 1 = § 10000. H{ 2 =~ § 3000. HX 3 - § 14000,
B 4 = § 8000. HL 5= § 5000, HX

502 : § .016230 per mole
H2504: § .008030 per mole in 9.6 M H2504

4 —-11
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PROCESS-CAPACITY AND SAFETY FACTORS DEFINED BY USER

Fcheml = 2,00: Multiplier for HETP of Section-1 enrichment column

FchemPP =~ 2.00: Multiplier for HETP of Section-2 enrichment column packed with ProPak
Fhtl « 1.10: Multiplier for Section-l enrichment column height

Fht2PP = 1.10: Multiplier for ProPak-packed column height

Fht2HP = 1,10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment column is Pro-Pak:

' FLOODING LIMITS OF THE PACKINGS

Glmax = 126,000 moles NO/day for Section-1 exchange column
(= 85% of flooding flowrate in the 6" 1.D, column)

G2PPmax = 12,000 moles NO/day for ProPak (Size 0.16")

(= 90% of flooding rate in the 3" I.D., column)
L2HPmax =~ 5,910 moles HNO3/day for HeliPak (Size C)

(= 90% of flooding rate in the 3" I.D. column)
When HNO3 flowrate exceeds 5,910 mole/day in the Heli-Pak packed column,
the column I.D. is increased to 3.5%.

MAJOR OPTIMIZATION PARAMETERS AND THEIR DEPENDENT VARIABLES FOLLOW:

LT e e e s e e e e e

* *
i Amortization period = 15yrs Annual interest rate = 8.00 % :
i

% Atom fraction @ taper =  .0450 *
B *
X R2(min) - 426, N2{(min) - 181 Nl(min) - 46 :

*
B o e e T T T s 2 T

*******************************************

*k Theoretical Flow Parameters Follow #*%
Fookrkkk ok kb kst s o e kR R Rk ke ek ek

Fac2 R2 L2=P1 G2 N2 Rlmin Facl Rl Ll Gl N1 Rflowl Ns Waste Feed

1.01 430.3 7879 7861 240 11.141 1.01 11.253 96540 96521 96 88660 26 5527 5546

: 1.10 12.255 104440 104422 82 96561 27 5527 5546
1.20 13,369 113218 113200 75 105339 27 5527 5346
1.30 14.4864 121997 121978 70 114117 28 5527 5546
1.01 10.251 96533 96514 96 87953 26 5527 5546
1.10 11.165 104370 104352 82 95790 27 5527 5546
1.20 12,180 113078 113060 75 104499 27 5527 5546
1,30 13.195 121786 121768 70 113207 28 5527 5546

1.10 468.6 8580 8561 224 10.150

.01 9.315 96525 96506 96 87167 26 5527 5546
.10 10.145 104292 104274 B2 94934 27 5527 5546

120 511.2 9358 9340 216 9,223 1
1
1,20 11.067 112922 112904 75 103565 27 5527 5346
1
1

1.30 11.989 121553 121535 70 112195 28 5527 5546

1.30 s53.8 10136 10118 211 8.438. .01 B8.522 96517 96499 96 86381 26 5527 53546

4—-12
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.10 9,281 104214 104196 82 94078 27 5527 5546

1

1.20 10,125 112767 112749 75 102631 27 5527 5546

1.30 10.969 121319 121301 70 111183 28 5527 5546
1.40 596.4 10914 10896 207 7.765 1.01 7.842 96509 96491 96 85595 26 5527 5546

1.10 8.541 104136 104118 B3 93222 27 5527 5546

.1.20 9.318 112611 112593 75 101697 27 5527 5546

1.30 10.094 121086 121068 71 110171 28 5527 5346

Fhrkkddhdh b kb kdhdd ke ddddok ik dk ke h ok d ko

*%k%x  Actual Column Dimensions Follow di%
ek ok ok sk sk o Aok o Aok e e ek ke vk sk sk sk s sk e e ok

Fcheml = 2.00 FchemPP = 2,00 Fhtl = 1.10 Fht2PP = 1.10 Fht2HF = 1.10

Section 2 Section 1 Stripping Section

Fac2 Dia2 HETP N2 Ht2 Reflx Facl Dial HETP NI Htl Reflx Dia HETP Ns Hes

inch cm used m units inch cm used m units in cm used meter

1.01 3.00 10. 264 25, 1 1.01 6.00 74, 105 78. 10 6.00 74. 28 21.2
1.10 6.00 74, 90 67. 11 6.00 74. 29 22.0

1.20 6.00 74, 82 &1, 12 6.00 74. - 29 22.0

1.30 6.00 74, 77 57. 13 6.00 74, 30 22.8

1.10 3.00 10. 246 23, 1 1.0 6.00 74, 105 78, 10 6.00 74. 28 21.2
' 1.10 6.00 74, 90 67. 11 6.00 74, 29 22.0

.1.20 6.00 74, 82 6l. 12 6.00 74. 29 22.0

1.30 6.00 74, 77 57. 13 6.00 74, 30 22.8

1.20 3.00 11. 237 25, 2 1.61 6.00 74, 105 78. 10 6.00 74, 28 21.2
1.10 6.00 74, 90 67. 11 6,00 74. 29  22.0

1.20 6.00 74, 82 -61, 12 6.00 74, 29 22.0

1.30 6.00 74. 77 57. 13 6.00 74, 30 22.8

1.30 3.00 11, 232 26, 2 1.01 6.00 74. 105 78, 10 6.00 74. 28 21.2
1.10 6.00 74, 90 67. 11 6.00 74. 29 22.0

1.20 6.00 74. 82 61, 12 6.00 74. 29 22.0

1.30 &.00 74. 77 57. 12 6.00 74. 30 22.8

1.40 3.00 12, 227 26. 2 1.01 6.00 74. 105 78. 10 6.00 74. 28 21.2
1.10 6.00 74, 91 68, 11  6.00 74, 29 22.0

1.20 6.00 74, 82 61. 11 6.00 74, 29 22.0

1.30 6.00 74, 78 58, 12 6.00 74. 30 22.8

e r o e e e e e T e e

**kkk%  Cost Analysis Outputs Follow #%#*##%
T e

P T e R e P e e N P e e e e et e L b e T e o
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PNC PN8410 93-065

%%t Fac2 = 1,01 Reflux ratio of Section 2 = 430.3 #*%*
FEE R E R I A E IR A AR h R R IR TR ded ek ek ke R e e Ak

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of RI.

1.01 1.10 1.20 1.30
11,253 12.255 13.369 14,484

A-column 382525. 398336. 417465. 438253,

ExColl 53086. 45344. 41473, 38708,
ExCol2 13561. 13561. 13561, 13551,
Strip 14377. 14930, 14930. 15483.
Reflxl 230000. 253000. 276000. 299000.
Reflx2 21500, 21500, 21500. 21500.
WastRf 50000. 50000, 50000. 50000.

A-pumps  39280. 39280. 39280. 39280.
A-comprs 133200. 133200. 133200. 133200,
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000, 40000. 40000.

A-total 701305, 717116, 736245, 757033.
420783, 430270. 441747, 454220,
98183, 100396. 103074. 105585,
210391, 215135, 220874, 227110,
21039, 21513. 22087, 22711,
210391. 215135, 220874, 227110.

] HMMOoOOW

1662092.1699565.1744901.1794169.

664837, 679826. 697960. 717667.

0. 0. 0. 0.
664837, 679826. €97960. 717667,
415523, 424891, 436225, 448542,
161701. 170167. 179740. 189489,

= RO -m

3568989.3654274.3756786,3867535,

N-502 857681. 927883.1005887.1083889,
N-HNO3 64753. 70055. 75944. 81834,
N-Air 8380. 9065, 9828. 10590,
N-H20 11922. 12898, 13982, 15066,

N-total 942737.1019902.1105640.1191379.
0. 0. 0. 0.
99726. 101974. 1046%4. 107650,
83105, 84978. B87245. 89708,
8310.  B498. 8725.  8971.
47137. 50995. 55282. 59569.

KOO

1181014 .,1266347,1361586.1457277.

227153. 232274, 238470, 245203,
190808. 195110. 200315. 205971,
9055, 9529, 10065. 106ll.
190808, 195110, 200315. 205971.
91415, 93476. 95970. 98679.

N xS 4

709239, 725499. 745134, 766435,
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PNC PN8410 93-085

SN15 w/o 18,90 19.91 21.06 22.23
$Nl5Swith 14.66 15.32 16.09 16.87

e b e e e T e L e b e e e S e e S T

%%% Fac2?2 = 1,10 Reflux ratio of Section 2 = 468.6 *%*
L T L T R T T T )

* 1In the following table, the headings for Column 2 to 1l are values of Facl, and
* the second row lists the corresponding values of R1,

1.01 1,10 1.20 1.30
10.251 11.165 12.180 13.1595

A-column 382230. 398041. 417170, 437958.

ExColl 53086. 45344, 41473, 38708.
ExCol2 13267, 13267, 13267. 13267.
Strip  14377. 14930. 14930. 15483.
Reflxl 230000. 253000. 276000. 299000,
Reflx2 21500. 21500. 21500. 21500.
WastREf 350000. 350000. 50000. 50000.

A-pumps  39280. 39280. 39280. 39280.
A-comprs 133200. 133200. 133200, 133200.
A-tanks 106300. 106300. 106300. 106300,
A-heatex 40000. 40000, 40000, 40000,

A-total 701010, 716821, 735950, 756739.
420606. 430093, 441570. 454043,
98141, 100355. 103033, 105943,
210303, 215046, 220785, 227022.
21030. 21505. 22079. 22702.
210303. 215046. 220785, 227022.

1661393.1698866.1744203.1793470.

664557, 679547, 697681, 717388.

0. 0. 0. 0.
664557. 679547. 697681, 717388.
415348, 424717. 436051. 448368,
161664, 170075, 179588, 189277.

2 OHmMOaHD ) Hmoow

3567520.3652751.3755203.3865891.

N-502 857619. 927261.1004642.1082022,
N-HNO3 64750. 70008. 75850. 81693,
N-Air 8379. 9059. 9815. 10571.
N-H20 11921, 12889, 13965. 15040.

N-total 942669.1019218.1104272.1189326.
0. 0. 0. 0.
99684. 101932. 104652. 107608,
83070. 84943, 87210, 89674.
8307. 8494, 8721,  8967.
47133, 50961. 55214. 359466,

1180862.1265548,1360065.1455042.

O H wuHowo

227057, 232178. 238374, 245108,
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PNC PN8410 93-065

v 190728. 195030. 200234. 205890.
v 9053.  9524. 10057. 10600.
X 190728. 195030. 200234, 205890.
Y 91377, 93438. 95931. 98641,
z 708943, 725200. 744831. 766129.
$N15 w/o  18.89  19.90 21.04 22.21 .
$N15with  14.65 15.32 16.07 16.85

e e e L e T e e e e e e T e e T e e e T e T e

*%% Fac2 - 1.20 Reflux ratio of Section 2 = 511.2 %%
ek sk e doe oo s sk e s v o e sk ok sk e ok e s v stk et e et s e e s e

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of R1.

1.01 1.10 1.20 1.30
9.315 10.145 11.067 11.989

A-column 403909. 419720. 438850. 459638,
ExColl 53086. 45344, 41473, 38708.
ExCol2 13446, 13446, 13446, 13446,
Strip 14377, 14930. 14930. 15483.
Reflxl 230000, 253000. 276000. 29%000.
Reflx2 43000. 43000. 43000. 43000,
WastRf 50000. 50000. 50000. 350000,

A-pumps  39280. 39280. 39280. 39280.

A-comprs 133200, 133200. 133200. 133200.

A-tanks 106300. 106300. 106300. 106300.

A-heatex 40000. 40000. 40000, 40000.

A-total 722689. 738500, 757630, 778418,

B 433613, 443100, 454578, 467051,

c 101176. 103390. 106068. 108978.

D 216807. 221550. 22728%9. 233525.

E 21681. 22155, 22729. 23353,

F 216807, 221550. 227289, 233525.

G 1712773.1750246,1795582.1844850.

H 685109. 700098. 718233, 737940.

I 0. 0. 0. 0.

J 685109. 700098. 718233. 737940.

K 428193, 437562. 448896. 461212.

L 163964, 172315, 181761, 191384,

M 3675149.3760320.3862704.3973326.

N-S02 857550. 926570.1003258.1078947,

N-HNO3 64745. 69956. 75746. 81536.

N-aAir 8378. 5053. 9802, 10551.

N-H20 11920, 12879. 13943, 15011.

N-total 942593.1018457.1102752.1187046.

0 0. 0. -0, 0.

P 102766. 105015, 107735. 110691.
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PNC PN8410 93-065

85639, 87512. B89779. 92242,
8564, 8751. 8978. 9224,
47130. 50923, 55138. 59352,

w ™o

1186691.1270659.1364381,1458556.

234079, 239200. 245396, 252129,
196626, 200928, 206133. 211789.

9182. 9650. 10179, 10717,
196626. 200928. 206133, 211789.
94203. 96264, 98757. 101467,

MModd

Z 730716. 746970, 766597. 787891.

$N15 w/e  19.17 20.17 21,31 22.46
$N15with 14.93 15.59 16.34 17.12

dedekdkde ok bk sk sk kR gk A kb kA E Rk bk ok dob b ek ded b ek kek kb A hddok drok ok

*k% Fac2 = 1,30 Reflux ratio of Section 2 = 553.8 %%
B T T L L E L L o B s e T

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl,

1.01 1.10 1.20 1.30
8.522 9.281 10.125 10.969

A-column 404236, 420047. 439176. 436964,

ExColl 53086, 45344, 41473, 38708,
ExCol2 13773. 13773. 13773. 13773.
Strip  14377. 14930. 14930, 15483.
Refix1l 230000, 253000. 276000. 276000,
Reflx2 43000. 43000. 43000. 43000,
WastRf 50000. 50000. 50000. 50000.

A-pumps  39280. 39280. 39280. 39280,
A-comprs 133200. 133200. 133200. 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000. 40000. 40000.

A-total 723016. 738827, 757956. 755744,
433809, 443296, 454774, 453447,
101222. 103436. 106114, 105804,
216905, 221648, 2273B7. 226723.

21690. 22165, 22739, 22672.
216905. 221648, 227387. 226723.

=y )

[}

1713547.1751020.1796356.1791114.

685419, 700408, 718542. 716446.

- 0. 0. o. 0.
685419, 700408, 718542. 716446.
428387. 437755. 449089. 447778
163992, 172283. 181662. 188771.

3676764.3761875.3864193.3860554.

Z X R4 Hm

-502 857480, 925878.1001875.1077873.
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PNC PN8410 93-065

N-HNO3 64740. 69904, 75642, 81379.
H-Air 8378, 9046, 9788, 10531.
N-H20 11919. 12870. 13926, 14982.

" N- total 942517.1017697.1101231.1184765.
0. 0. 0. 0.
102813. 105061. 107781, 107467.
85677, 87551. 89818, 89556,
8568,  B755. 8982, 8956.
47126, 50885, 55062. 59238.

m:uxnw:o

1186700.1269949.1362874,1449982,

234185, 239306. 245502. 244786,
196715, 201017. 206222, 205620,

9184. 9648, 10173. 10571.
196715, 201017. 206222, 205620.
94245, 96306, 98800. 98511.

LA HE S |

Z 731044, 747294, 766918. 765108,

§¥15 w/e 19.17 20.17 21.29 22.15
$N15with  14.93 15,59 16.34 16.81

e L L L R S S U R I e 3

*k% Fac?2 = 1,40 Reflux ratio of Section 2 = 596.4 &%
e e d e e e ek sk ok ok ok ok sk ek e e e sk e o o e s sk e sk ek s s e e e e ke

* 1In the following table, the headings for Column 2 to 11 are values of Facl, ~and
* the second row lists the corresponding values of RL.

1.01 1.10 1.20 1.30
7.842 B.541 9,318 10.094

A-column 404600. 420965, 416541. 437882,

ExColl 53086. 45897. 41473, 3926].
ExCol2 14137, 14137. 14137. 14137,
Scrip  14377. 14930, 14930. 15483,
Reflxl 230000. 253000. 253000. 276000.
Reflx2 43000. 43000. 43000. 43000.
WastRf 50000, 50000. 50000. 50000,

A-pumps 39280, 39280. 39280. 39280.
A-comprs 133200. 133200, 133200. 133200.
A-tanks 106300, 106300. 106300. 106300.
A-heatex 40000. 40000. 40000. 40000,

A-total 723380, 739745. 735321. 756662,
434028, 443847. 441193, 453997,
101273, 103564, 102945, 105933.
217014, 221923, 220596. 226999.

21701, 22192. 22060. 22700.
217014. 221923, 220596. 226999,

HpEoow

1714412,1753195.1742711.1793289,

(2

685765. 701278, 697084, 717316.
0. 0. 0. 0.

i
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PNC PN8410 93-065

J 685765, 701278. 697084, 717316.
X 428603. 438299, 435678, 448322,
L 164024, 172314, 179120. 188668.
H 3678568.3766364.3751677.3864910.
¥-502 857411. 925186.1000492.1075798.
R-HNO3 64735. 69852, 75537, 81223,
H-Air 8377. 9039. 9775. 10511,
N-H20 11918. 12860. 13507. 14954,
N-tStal 942441.,1016937.1099711.1182485.
0 0. 0. 0. 0.
P 102865. 105192. 104563. 107397.
Q 85721, 87660. B87136. B9664,
R 8572. 8766. 8714, 8966.
5 47122. 50847, 54986. 59124,
T 1186720.1269401.1355108,1447837.
U 234303, 239603. 238170. 245083,
v 196814, 201267. 200063, 205870.
v 0185, 9650. 10031. 10365,
X 196814, 201267. 200063, 205870.
Y 94293, 96426, 95849. 98631,
z 731410. 748212, 744177. 766018,
§N15 w/o 19.18 20.17 20.99 22.13
SM15with  14.94 15,60 16.04 16.81
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PNC PN8410 93-065
A-3: 99%
10 yr

*d%k%%  Qutput of Program 50Kg2S #dwu

Section #1 is lower enrichment column (subscript = 1)
Section #2 is upper enrichment column (subscript = 2)

All flowrates in moles/day

L = moles HNGC3/day G = moles KNO/day
P = moles product/day R = moles refluxed/day/G
Subscripts: f = feed p = product W =~ waste
N-15 atom fractions: Y = HNO3 X = N0
alpha =~ 1.055 Yf - .00366 Yw ~ 00037
Yp2 = .990 P2 = 1B.2700 moles (N154N1l4)/day @ 99.00% N-15

R(min) of one-section cascade = 5188,

UNIT COST PARAMETERS FOLLOW:

Enrichment Gol. Section 1: Packing = § 5820. per cubic meter
Lliquid distributor =~ § 1000, each
Liquid redistributor ~ $ 450. each
* Others (packing support, collector, etc)= § 4&450. per set
Pipe for the column = § 75.00 per foot

Enrichment Col. Section 2: Packing; ProPak = $ 38. per liter
Packing; HeliPak - $ 275. per liter
Liquid distributor = § 200, each
Liquid redistributor =~ § 55. each
Others = § 200. per set
Pipe for the column = § 25,00 per foot

Product refluxer, both sections: Column =~ $ 20000. per unit
Reflux splitter = $ 1000. per unit .
Others (NO2-scrubber, ete) = $ 2000. per unit

Waste-end refluxer: § 50000,

Tanks: Tank 1 = § 9000, Tank 2 = § 27600. Tank 3 = § 4300. Tank 4 =~ § 29%00.
Tank 5 = § 2100. Tank 6 = § 46500. Tank 7 = § 4300. Tank 8 = § 9600.

Pumps: Pumpl = $ 2400. Pump2 = $ 4500. Pump3 = $ 3000. Pump4 = $ 5000, Pump5 = $ 3000.
Pump6 = $ 1700. Pump?7 = $ 2000, PumpB8 = $ 3200. Pump9% = $ 3000. B
Pumpl7 = $ 1380. Pumpl8 = § 3600. Pumpl9 — $ 4500. Pump2l = $ 2000,

Compressors: P10 = § 6800. P13 = $100000. P14 = § 3050. P15 = § 3050.
P16 -~ $13300. P20 - § 7000.

S02 ; § .016230 per mole
H2504: § .008030 per mole in 9.6 M H2504
PROCESS-CAPACITY AND SAFETY FACTORS DEFINED BY USER
Fcheml = 2.00: Multiplier for HETP of Section-1 enrichment column
FchemPP = 2.00: Multiplier for HETP of Section-2 enrichment column packed with ProPak
Fhtl = 1,10: Multiplier for Section-1l enrichment column height
Fht2PP =~ 1.10: Multiplier for ProPak-packed column height
Fht2HP = 1.10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment celumn is Pro-Pak,
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PNC PN8410 93-085

FLOODING LIMITS OF THE PACKINGS

Glmax =~ 126,000 moles NO/day for Section-l exchange column
(= 85% of flooding flowrate in the 6" I.D. column)

G2PPmax = 12,000 moles NO/day for ProPak (Size 0,16™)

(= 90% of flooding rate in the 3" I.D. column)
LZHPmax = 5,910 moles HNO3/day for HeliPak (Size C) -

(= 90% of flooding rate in the 3" I.D. column)
When HNO3 flowrate exceeds 5,910 mole/day in the Heli-Pak packed column,
the column I.D. is increased to 3.5",

HAJOR-OfTIMIZATION PARAMETERS AND THEIR DEPENDENT VARIABLES FOLLOW:

*****************************;*************************************************

* *
* Amortization periocd = 10yrs Anmual interest rate =~ 8.00 & *
* *
% Atom fraction @ taper = .0500 *
* *
3 R2{min) = 380. N2(min) - 137 Nl(min) = 48 *
* *

sk ke ke ek e e dede e e e e e e e e ke e ok ok ok e ek ek ek ok ik ek bk ok A ok

Fhkthidhkhkdhkdddbdbddhdhbdhihbihbihbbhidthdihiiid

*k Theoretical Flow Parameters Follow %%
Fok et de stk et et ok e vk ok ok ek o o e e ek e ek

Fac2 R2 L2=~P1 G2 N2 Rlmin Facl Rl 11 Gl N1 Rflowl Ns Waste Feed

.01 12.607 95662 95644 98 88632 26 35477 5496
.10 13.731 103560 103542 84 96530 27 5477 5496
.20 14,979 112336 112317 77 103305 27 5477 5496
.30 16.227 121111 121093 72 114081 28 5477 3496

1,01 383.8 7030 7012 195 12.482

.0l 10.456 95649 95631 98 87300 26 5477 5496
.10 11.388 103428 103410 8& 95079 27 5477 5496
.20 12.423 112072 112054 77 103722 27 5477 35496
.30 13.458 120715 120697 72 112366 28 5477 5496

1.20 456.0 8349 8331 171 10.352

.01 8.821 95635 95617 98 85897 26 5477 5496
.10 9.607 103289 103271 85 93552 27 5477 5496
.20 10.480 111794 111776 77 102056 27 5477 5496
.30 11.354 120299 120281 73 110561 28 5477 5496

1.40 532.0 9738 9720 162 8.734

Y i e el i ol el

ey s T e T T e T e T e

*¥%% Actual Column Dimensions Follow ##¥id
Fdkdd sk etk ek bk kb R AR AR Rk ke ek ke

Feheml = 2.00 FchemPP = 2.00 Fhtl = 1,10 Fht2PP = 1.10 Fht2HP = 1.10



PNC PN8410 93-065

Section 2 Section 1 Stripping Section

FacZ Dia2 HETP N2 Ht2 Reflx Facl Dial HETP N1 Htl Reflx Dia HETP Ns Hts

inch cm used m units- inch cm used m units in cm used meter

1.01 3,00 9, 214 19, 1l 1.01 6.00 74, 107 &0. 10 6.00 74, 28 21.2
1.10 6.00 74, 92 68, il 6.00 74, 29 22.0

1.20 6.00 4. 84 63. 12 6.00 74. 29 22.0

1.30 6.00 74, 79 59, 13 6.00 74, 30 22.8

1.20 3.00 10. 188 19, ° 1 "1.01 6.00 74. 107 80. 10 6.00 74, 28 21.2
1.10 6.00 74, 92 68. 11 6.00 74. 29 22.0

1.20 6.00 74, 84 63, 12 6.00 74, 29 22,0

1.30 6.00 4. 78 59, 13 6.00 74, 30 22.8

1,40 3.00 11. 178 19. 2 1.01 6.00 74. 107 B80. 10 6.00 74, 28 21.2
: 1.10 6.00 74, 93 6&9. 11 6.00. 74, 29 22.0

1.20 6.00 74, 84 83, 11 6.00 74.- 29 22.0

1.30 6.00 74. 80 59. 12 6.00 74, 30 22.8

e T e e s e e e T e T e

Fkkkkk Cost Analysis Outputs Follow F#ddk
B T L R e

B e L et e

**% Fac2 =~ 1.01 Reflux ratio of Section 2 = 383.8 %%
B S L f T L L L L T T R R P e o e e e s e e

* In the following table, the headings for Column 2 to 1l are values of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10 1.20 1.30
12.607 13.731 14.979 16.227

A-column 380445. 396256. 415385, 436173,

ExCeoll 54192. 46450, 42579, 39814,
ExCol2 10376. 10376. 10376, 10376.
Strip  14377. 14930. 14930, 15483,
Reflxl 230000. 253000. 276000. 295000.
Reflx2 21500. 21500, 21500. 21300.
WastRf 50000. 50000. 50000, 50000.

A-pumps 39280, 39280. 39280. 39280.
A-comprs 133200, 133200. 133200, 133200.
A-tanks 106300, 106300. 106300. 106300,
A-heatex 40000. 40000, 40000. 40000. -

A-total 699225. 715036. 734165. 754953,
B 419535, 429022. 440499, 452972,
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PNC PN8410 93-065

97891. 100105. 102783, 105693,
209767. 214511, 220250. 226486,
20977. 21451, 22025, 22649,
209767. 214511. 220250. 226486,

1657163.1694636,1739972.1789240.

662865. 677854, 695989, 715696.

C. © 0. 0. 0.
662865. 677854, 695989. 715696.
414291, 423659. 434993, 447310,
170207. 178885, 188715. 198744,

R ORGSO O HMEOO

3567391.3652888.3755657.3866685.

N-302 849886. 920066. 998044,1076022,
N-HNO3 64166. 69465, 75352. 81240.
" R-Alr 8303. 8989, 9751. 10513,
N-H20 11813. 12789. 13873. 14957.

N-total $34169.1011309.1097020.1182731.
0, 0. 0. 0.
99430. 101678. 104398. 107354,
82858, 84732. 86999. 89462
8286. 8473. 8700, 8945.
46708. 50565. 54851. 59137,

©nX™O "o

1171451.1256757.1351968.1447630.

339718, 347400, 3566%4. 366794,
190242, 194544, 199749, 205405.

9532. 10018. 105&8. 11130.
190242, 194544, 199749, 205405.
91144. 93205, 95698, 98408,

HMEEO<dd V1

Z 820879, 839711. 862458. 887141.

$N15_w/o 19,93 20.97 22,15 23.36
$N15with 15.72 16,42 17.21 18.03

FhEAF R TAT LR h ko kodd kbbb bbb bbb bbbk bk Tk ddk kb ok k&

%%k Fac2 = 1.20 Reflux ratio of Section 2 = 456.0 *=*
ek e e o o e e e e e o e s A sk e vt e o A de ook ek ek sk ke

* In the following table, the headings for Column 2 to 11 are wvalues of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10 1.20 1.30
10.456 11.388 12.423 13.4538

A-column 380044, 395855. 414984, 435772,

ExColl 54192, 46450. 42579. 39814,
ExCol2  9975. 9975, 9975, 8975,
Strip 14377, 14930. 14930, 15483,
Reflxl 230000. 253000, 276000. 29%000.
Reflx2 21500. 21500. 21500. 21500,
WastRf 50000. 50000. 50000. 50000.
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A-pumps  39280. 39280. 39280. 39280,
A-comprs 133200, 133200, 133200. 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000, 40000. 40000.

A-total 698824, 714635, 733764. 754353,
419294, 428781, 440259, 452732,
97835, 100049, 102727. 105637,
209647, 214391, 220129. 226366.
20965. 21439, 22013, 22637.
209647, 214391, 220129. 226366,

1656213.1693685,1739022.1788290.

662485, 677474, 695609, 715316,

0. 0. 0. 0.
662485. 677474, 695609, 715316,
414053, 423421, 434755, 447072,
170148. 178724, 188441, 198356.

E HPRuHD ¢ HEUDOW

3565384 ,3650779.3753435.3864350,

N-502 849769, 918894. 995700.1072505.
N-HNO3 64158. 69376. 75175. 80974,
N-Alr 8302, 8978. 9728. 10478,
N-R20 11812, 12773. 13840. 14908,

N-total 934040.1010020.1094443,1178866.
0. 0. 0. 0.
99373. 101621, 104341, 107297.
B2811. B4684. B86951. 89414,
8281, 8468. 8695. 8941.
46702. 50501. 54722, -58943,

nI"O™WO

1171207.1255295,1349153, 1443462,

339524, 347206, 356499, 366599.
190133. 194435, 199640. 205296.
9528. 10009. 10553. 11108,
190133, 194435, 199640. 205296.
91092, 93153. 95646. 98356,

HE<dd H

bA B20410. 839237. B61978. BB6654,

$N15 w/o 19,92 20,95 22.12 23.31
$Nl5with 15.72 16,41 17.19 18.00

b G e e T Ty T e e Ty Ty e T e e e

*%%  Fac2 = 1.40 Reflux ratio of Section 2 = 532.0 %%
B T L LTt b N T R e b R R s e e R e T T

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10 1.20 1.30
8,821 9.607 10.480 11.354

A-column 401893, 418257. 413833. 435174,
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PNC PN8410 93-065

ExColl 54192,
ExCol2 10324,
Strip 14377.
Reflxl 230000,
Reflx2 43000.
WastRE 50000.

pumps 39280,
comprs 133200.
tanks 106300,
heatex 40000,

total 720673.
432404,
100894,
216202.

21620,
216202.

1707994

683198,

) 0.
683194,
426999,
172757.

3674145

502 849645,
HNO3 64148,
Alr 8301.
H20 11810.

total 933904

0.
102480,
85400,
8540,
46695.

1177019

350139.
196078,
9674,
196078.

© 93940,

845908.

20.24
16.03

.1746778

.3762187

.1008664

.1258977

47003,
10324,
14930,
253000.
43000.
50000.

39280.
133200.
106300.

£0000.

737037.
442222 .
103185,
221111.

22111,
221111.

698711.

0.
698711.
436694,
181292.

917660.
69283.
8966.
12755.

0.
104807,
87339.
8734,
50433,

358089.
200530.
10152.
200530.
96073.

865375,

21.26
16.72

42579,
10324.
14930.
253000.
43000.
50000,

139280,
133200.
106300.

40000,

732613,
439568,
102566.
219784,

21978.
219784,

.1736293.1786872.

694517,

0.
694517.
434073,
188064,

.3747465.3861013.

74989,
§704,
13806,

.1091731.1174797.
0.
107212,
89344,
8934,
58740.

0.
104178,
86815.
8681.
54587.

.1345991.1439027.

355940.
199326.
103532,
199326,
95496.

860621,

22.07
17.16

40367 .
10324,
15483.
276000,
43000.
50000.

39280.
133200.
106300.

40000,

753954,
452373,
105554.
226186,

22619,
226186.

714749,

0.
714749,
446718,
197927.

993232,1068804.
80695.
10442,
14856.

366309.
205133,
11084.
205133.
98278.

885936.

23.26
17.97
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PNC PN8410 93-065 A-4; 99%

15 yr
FEE¥%  Qutput of Program 50Kg2S sxwix
Section #1 is lower enrichment column (subscript = 1)

Section #2 is upper enrichment column (subscript = 2)

All flowrates in moles/day

L = moles HNO3/day G = moles NO/day
P = moles product/day R = moles refluxed/day/G
Subscripts: f = feed P = product W = waste
N-15 atom fractions: Y = HNO3 X = NO
alpha - 1.055 YE = .00366 Yw = 00037
Yp2 - .990 P2 = 18.2700 moles (N15+N14)/day @ 99.00% N-15

R{min) of one-section cascade = 5188.

UNIT COST PARAMETERS FOLLOW:

Enrichment Col. Section l: Packing = $ 5820. per cubic meter
Liquid distributor = § 1000. each
Liquid redistributor =~ $ 450. each
Others (packing support, collector, ete)}= $ 450, per set
Pipe for the column = § 75.00 per foot

Enrichment Col. Section 2: Packing; ProPak = § 38. per liter
Packing; HeliPak = § 275. per liter
Liquid distributor = § 200. each
Liguid redistributor = § 553. each
Others = § 200. per set
Pipe for the column = § 25.00 per foot

Product refluxer, both sections: Column = $ 20000. per unit
. Reflux splitter = § 1000. per unit
Others (NO2-scrubber, etc) = $ 2000. per unit

Waste-end refluxer: $ 50000,

Tanks: Tank 1 = § 9000. Tank 2 = $ 27600. Tank 3 = $§ 4300. Tank & = § 2900.
Tank 5 = § 2100, Tank 6 = § 46500, Tank 7 = § 4300. Tank 8 = § 9600.

Pumps: Pumpl = $§ 2400. Pump2 = $ 4500. Pump3 = $ 3000. Pumps4 = § 5000. Pump5 = $ 3000.
Pumpb = $ 1700, Pump7 = $ 2000. Pump8 = § 3200. Pump9 = $ 3000.
Pumpl?7 = § 1380. PumplB = § 3600. Pumpl9 = $ 4500. Pump2l = § 2000.

Compressors: P10 = § 6800, P13 = $100000. P14 = § 3050, P15 = § 3050.
P16 -~ $13300. P20 = § 7000. -

802 : § .016230 per mole
H2S04: § .008030 per mole in 9.6 M H2S04

PROCESS-CAPACITY AND SAFETY FACTORS DEFINED BY USER

Fcheml = 2.00: Multiplier for HETP of Section-1 enrichment column

FchemPP = 2.00: Multiplier for HETP of Section-2 enrichment column packed with ProPak
Fhtl = 1.10: Multiplier for Section-l enrichment column height

Fht2PP = 1.10: Multiplier for ProPak-packed column height

Fht2HP = 1.10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment column is Pro-Pak.



PNC PN8410 98-065

FLOODING LIMITS OF THE PACKINGS

Glmax = 126,000 moles NO/day for Section-l exchange column
: (= 85% of flooding flowrate in the 6" I.D. column)
G2PPmax = 12,000 moles NO/day for ProPak (Size 0.16")
(= 90% of flooding rate in the 3" I.P. column)
L2HPmax = 5,910 moles HNO3/day for HeliPak (Size C)
(= 90% of flooding rate in the 3" I1I.D. column)
When HNO3 flowrate exceeds 5,910 mole/day in the Heli-Pak packed column,
the column I.D. is increased to 3.57.

MAJOR OPTIMIZATION PARSMETERS AND THEIR DEPENDENT VARTABLES FOLLOW:

T e T T e S e e L e e e e e e T e e e e e ey

* *
* Amortization period = 15yrs Annual interest rate = £8.00 % *
* *
* Atom fraction @ taper =  ,0500 *
* *
* R2Z(min) = 380. N2(min) = 137 Nl(min} = 48 *
* *

e e ek e e e v e ek e stk ek o s e o ok ok sk e sk ek A ke Ak o

dkkdkdhk ki dhkdhhkhhk ARk dhh kA hhdkkdkdhkdkddhd

sk Theoretical Flow Parameters Follow *%
ek ek e e ke ok ke e A e R ok ek

Fac2 R2 L2=P1l G2 N2 Rlmin Fael Rl L1 Gl N1 Rflowl Ns Waste Feed

1.01 383.8 7030 7012 195 12.482 1.01 12.607 95662 95644 98 B8B8632 26 5477 5496
1,10 13.731 103560 103542 84 965330 27 35477 5496
1.20 14.979 112336 112317 77 105305 27 5477 5496
1.30 16.227 1211311 121093 72 114081 28 5477 5496
1.01 10.456 95649 95631 98 87300 26 5477 5496
1.10 11,388 103428 103410 B4 95079 27 5477 5496
1.20 12.423 112072 112054 77 103722 27 5477 3496
1.30 13.458 120715 120697 72 112366 28 35477 35496

1.20 456.0 8349 8331 171 10.352

1.01 8.821 95635 95617 98 85897 26 35477 5496
1.10 9.607 103289 103271 85 93552 27 3477 5496
1.20 10.480 111794 111776 77 102056 27 5477 5496
1.30 11.354 120299 120281 73 110561 28 5477 5496

1.40 532,0 9738 9720 162 B8.734

T T S S et e ko

*%%% Actual Column Dimensions Follow *%%#%
Fekdek ek Ak sk b sk ek ks ok bk ek gk

Fcheml = 2.00 FchemPP = 2.00 Fhtl =~ 1.10 Fht2PP = 1,10 Fht2HP ~ 1,10

4-27



PNC PN8410 93-065

Section 2 Section 1 ' Stripping Section

Fac2 Dia2 HETP N2  Ht2 Reflx Facl Dial HETP N1 Htl Reflx Dia HETP Ns HtS

inch cm used m units inch cm used m units in cm  used meter

1.01 3.00 9. 214 19. 1 1.0l 6.00 74, 107 80. 10 6.00 74, 28 21.2
1.10 6.00 74, 92 68, 11 6.00 74, 29 22.0

1.20 6.00 74, 84 63. 12 6.00 74. 29 22.0

1.30 6.00 74, 79 59, 13 6.00 74, 30 22.8

1,20 3.00 10. 188 19, - 1 1.01 6.00 74. 107 80. 10 6.00 74. 28 21.2
1.10 6.00 4. 92 68. 11 6.00 74. 29 22.0

1.20 6.00 4. 84 63, 12 6.00 74. 29 22.0

1.30 6.00 74, 7% 59, 13 6.00 74. 30 22.8

1.40 3.00 11, 178 19. 2 1.01 6.00 74, 107 80. 10 6.00 74, 28 21.2
- 1.10 6.00 74, 93 69, 11 6.00 74, 29 22.0

1.20 6,00 74, 84 63. 11 6.00 74.. 29 22.0

1.30 6.00 74, 80 59, 12 6.00 74, 30 22.8

FhEdhkhddobbddhkdkkkdd b kb ik dhh ki kk e dkk dokh kA d

**kF%x%  Cost Analysis Qutputs Follow wk#d
e T e

Fkeddekokkddok ek bk ke kR ik B Rk ik kA ok bk bk ke ddrk dk kb ek dke ek dokekeow

¥*% Fac? = 1.01 Reflux ratio of Section 2 = 383.8 %
T T

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of R1.

l.01 1.10 1.20 1.30
12,607 13.731 14.979 16.227

A-column 380445, 396256. 415385, 436173.

ExColl 54192. 46450, 42579. 39814,
ExCol2 10376, 10376, 10376. 10376.
Strip 14377. 14930, 14930. 15483,
Reflxl 230000. 253000. 276000. 299000,
Reflx?2 21500. 21500. 21500. 21500,
WastRf 50000, 50000. 50000, 50000.

A-pumps  39280. 39280. 39280. 39280.
A-comprs 133200. 133200. 133200. 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000, 40000, 40000. 40000,

A-total 699225. 715036. 734165. 754953.
3 419535, 429022. 440499, 452972,
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97891. 100105, 102783. 105693.
209767, 214511, 220250, 226486,
20977. 21451, 22025, 22649.
209767. 214511. 220250. 226486.

1657163.1694636.1739972,1789240,

662865, 677854. 695989, 715696,

0. 0. 0. o.
662865, 677854, 695989, 715696.
414291, 423659, 434993, 447310.
160726. 169190, 178761. 188508,

= [l L N [2] HiEro O

3557910.3643193.3745703.3856449,

N-502 B49886. 920066. 998044,1076022.
N-HNO3 64166, 69465, 75352, B1240.
N-Air 8303. 8989. 9751. 10513.
N-H20 11813. 12789. 13873. 14957.

H-total 934169.1011309.1097020.1182731.
0. 0. 0. 0.
99430. 101678. 104398. 107354.
82858. 84732. 86999. 89462,
8286. 8473, 8700.  8946.
46708. 50565. 54851, 59137.

|-R-Fall, . Rl

1171451.1256757.1351968.1447630.

226479, 231600, 237796, 244529,
190242, 194544, 199749. 205405.

9001.. 8475. 10011. 105586,
190242, 194544, 199749, 205405.
91144, 93205. 95698. 98408,

MMKEaSog A

Z 707108. 723368. 743003. 764303,

$Ni5_w/o 18.79 19.81 20,96 22,13
$N15with 14.59 15.25 16.02 16.80

ek ook Aok ok sk sk s s ek b b b ek b Rk ek kb bk b bbb ik bk i oo ek ke k-

®%% Fac2 = 1,20 Reflux ratio of Section 2 =~ 456.0 *%
B L T b o S S T T e

* In the following table, the headings for Column 2 to 1l are values of Facl, and
* the second row lists the corresponding values of R1.

1.01 1.10 1.20 1.30
10.456 11.388 12.423 13.458

A-column 380044. 395855, 414984, 435772.

ExColl = 54192, 46430, 42579, 39814,
ExCol2  9975. 9973. 9975.  9975.
Strip 14377. 14930. 14930. 15483,
Reflx1 230000. 253000, 276000, 299000.
Reflx2 21500, 21500. 21500. 21500.
WastRf 50000, 50000. 50000. 50000.
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-pumps

-tanks

-total . 698824,
419294,

97835.

209647,

20965.

209647.

1656213

662485.

0.
662485,
414053,
160672.

3555909

-502
-HNGO3
-Alr
~H20

-total 934040

0.
99373,
82811.

8281,
46702,

1171207

226349,
190133.
8998,
190133,
91092,

706705.

39280.
-~comprs 133200,
106300.
-heatex 40000,

849769.
64158,
8302,
11812,

.1693685

.3641089

.1010020

.1255295

39280,
133200,
106300.

40000,

714635
428781.
100049,
214391,

21439,
214391.

677474,

0.
677474,
423421.
169034,

918894,
69376.
8978.
12773.

0.
101621,
84684.
B468.
30501.

231470.
194435.
9466,
194435.
93153.

722959,

.1735022

.3743486
995700

.1094443

.1349153

39280,
133200.
106300,

40000,

733764.
440259,
102727.
220129,

22013.
220129,

695609.

0.
695609.
434755,
178491,

75175.
9728.
13840,

0.
104341,
86951.
8695.
54722.

237666,
199640,
9996,
199640.
95646.

742587,

.1788290.

.3854119.

.1072505.
80974,
10478.
14908.

.11788B66.
0.
107297.
89414,
8941.
58943.

1443462,

39280.
133200,
106300,

40000.

754553.
452732,
105637.
226366.

22637.
226366,

715316.

0.
71531s.
447072,
188125.

244400,
205296.
10535.
205296,
98356.

763882,

22.08
16.77

$N15 w/o
SN15with

18.79
14.58

19.79
15.24

20.93
16.00

s g T e e e e e o e

**k Fac?2 = 1.40 Reflux ratio of Section 2 = 532.0 #**
Skt ok e v st e s o sk v et e S e ook e e e o sk b st e s Ak e e e

* In the following table, the headings for Column 2 to 1l are values of Facl, and
* the second row lists the corresponding values of RI1.

1.01
8.821

1.10 1.20 1.30
9.607 10.480 11.354 -

A-column 401893, 418257. 413833, 435174,

4 -30
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ExColl 541%2. 47003, 42579. 40367,
ExCol2 10324. 10324. 10324. 10324,
Strip 14377. 14930, 14930. 15483,
Reflxl 230000. 253000. 253000. 276000,
Reflx2 43000. 43000. 43000. 43000,
WastRf 50000, 50000. 50000. 30000.

A-pumps 39280, 39280. 39280, 39280.
A-comprs 133200, 133200. 133200. 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000. 40000. 40000.

A-total 720673, 737037. 732613. 753954,
432404, 442222, 439568, 452373,
100894, 103185. 102566. 105554,
216202. 221111. 219784, 226186.

21620. 22111. 21978. 22619,
216202, 221111.-219784, 226186,

HHEoOWw

@

1707994.1746778.1736293, 1786872,

683198. 698711, 694517. 714749,

. 0. 0. 0. 0.
683198, 698711. 694517. 714749.
426999, 436694, 434073, 446718,
162985, 171299. 178131. 187704,

=4 [ c RSN TR v

3664374.3752193.3737532,3850790.

N-502 849645, 917660, 993232,1068804,
N-HNO3 64148. 69283, 74989, 80695,
N-Air 8301, 8966. 9704. 10442,
H-H20 11810, 12735, 13806. 14856,

N-total 933904.1008664.1091731.1174797.
0. 0. 0. 0.
102480. 104807. 104178. 107212,
85400. 87339, 86815, 89344,
8540. 8734. 8681. 8934,
46695. 50433, 54587. 58740.

o oOoOwo

1177019.1259977.1345591.1439027.

233426. 238726. 237293. 244206.
196078. 200530. 199326, 205133.
9127. 9593, 9975. 10511.
196078, 200530. 199326, 205133,
93940. 96073. 95496. 98278.

HMMEdD A

Z 728648, 745452, 741418, 763261,

SNI5_w/o 19.06 20.06 20.88 22,03
SNl5with 14.86 15.52 15.97 16.74
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A-5: 90%
10 yr

#A%k%  Qutput of Program 50Kg2S skwsk

Section #1 is lower enrichment column (subscript - 1)
Section #2 1s upper enrichment column (subsecript = 2)

A

11 flowrates in moles/day

L = moles HNO3/day € = moles NO/day
P = moles product/day R = moles refluxed/day/G
Subscripts: f = feed P = product w = waste
N-15 atom fractioms: Y = HNO3 X = NO
alpha =~ 1.055 YE = 00366 Yw = .00037
Yp2 = .900 P2 = 18.2700 moles (N15+N14)/day @ 90.00% N-15

R(min) of one- section cascade = 4715

UNIT COST PARAMETERS FOLLOW:

Enrichment Col. Section 1: Packing = § 5820, per cubic meter

liquid distributor = § 1000, each

Ligquid redistributer = § 450. each

Others (packing support, collector, etc)= $ 450, per set
Pipe for the column = § 75.00 per foot

Envichment Col. Section 2: Packing; ProPak = $ 38, per liter

Packing; HeliPak = § 275. per liter
Liquid distributor = § 200. each
Liquid redistributor = § 55. each
Others = § 200, per set

Pipe for the column = § 25,00 per foot

Product refluxer, both sections: Column = $ 20000, per unit

Reflux splitter = § 1000, per unit
Others (NO2-scrubber, ete) = § 2000. per unlt

Waste-end refluxer: $ 50000.

Tanks:

Pumps:

Tank 1 = § 9000, Tank 2 = § 27600, Tank 3 = § 4300. Tank 4 = § 2900,
Tank 5 = § 2100. Tank 6 = $§ 456500, Tank 7 = § 4300, Tank 8 = § 9600.

Pumpl = $ 2400. Pump2 =~ $ 4500. Pump3 = $ 3000. Pumps — $ 5000. Pump5 = $ 3000.
Pump6 = $ 1700. Pump7 = § 2000. Pump8 = § 3200. Pump9 = $ 3000,
Pumpl? = § 1380. Pumpl8 = § 3600. Pumplf =~ $ 4500. Pump2l = § 2000.

Compressors: P10 = § 6800. P13 = $100000. ©Pls = § 3050. P15 = § 3050,

P16 =~ $13300. P20 = $ 7000.

Heat exchangers: HX 1 = § 10000. HX 2 = § 3000. HX 3 = § 14000.

502

HX 4 -~ § 8000, HX 5 = § 5000, HX

: $ .016230 per mole
H2S504:

$ .008030 per mole in 9.6 M H2S04

4 ~32
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PROCESS-CAPACITY AND SAFETY FACTORS DEFINED BY USER

Fcheml = 2.00; Multiplier for HETP of Section-1 enrichment column

FchemPP = 2,00: Multipliex for HETP of Section-2 enrichment column packed with ProPak
Fhtl - 1.10: Multiplier for Section-1 enrichment column height

Fht2PP = 1.10: Multiplier for ProPak-packed column height

ThtZHF = 1.10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment column is Pro-Pak.

FLOODING LIMITS OF THE PACKINGS

Glmax = 126,000 moles NO/day for Section-1 exchange columm
(= 85% of flooding flowrate in the 6" I.D, column)

GZPPmax ~ 12,000 moles NO/day for ProPak (Size 0.16")

(= 90% of flooding rate in the 3" 1.D. column)
L2HPmax = 5,910 mcles HNO3/day for HeliPazk (Size C)

(= 90% of flooding rate in the 3" I.D. column)
When HNO3 flowrate exceeds 5,910 mole/day in the Heli-Pak packed column,
the column I.D. is increased to 3.5".

MAJOR OPTIMIZATION PARAMETERS AND THEIR DEPENDENT VARIABLES FOLLOW:
B e e T e e ey
Amortization period = 10yrs Annual interest rate = 8.00 %
Atom fraction @ taper - .0500

R2(min) = 343, N2{min) = 93 Nl(min) = 48

* o ¥ H H % *
% o ¥ % X d %

L T SR R R e e T T e e L e e

e e R e T L e e e e e e

b3 Theoretical Flow Parameters Follow #*%
B T R T B I B R P P e s T e

Fac2 R2 L2=P1l G2 N2 Rlmin Facl Rl 11 Gl N1l Rflowl Ns Waste Feed

.01 12.697 86941 .86923 98 80593 26 4978 4996
.10 13.828 94123 94104 84 87775 27 4978 4936
.20 15.085 102102 102084 77 95755 27 4978 4996
.30 16.342 110082 110063 72 103734 28 4978 4996

1.01 346.4 6348 6329 149 12.571

.01 10.532 86929 86911 98 79391 26 4978 4996
10 11.470 94004 93985 84 86465 27 4978 4996
‘90 12.513 101864 101846 77 94326 27 4978 4996
30 13.556 109724 109706 72 102186 28 4978 4996

1,20 411.6 7538 7520 125 10.428

b S et el e el

.01’ 8.886 B6917 86898 98 78125 26 4978 4996
10 9.678 93878 93860 85 85087 27 4978 4932
.20 10.558 101613 101595 77 92822 27 4978 2396
.30 11,438 109349 109330 73 100557 28 4978

1.40 480.2 8792 8773 116 8,798

e



PNC PN8410 93-065

Fhikdkdhhdhdihiddhddidhtddibtiiddhhhkkdddidhkid

*kdk  Actual Column Dimensions Follow *&&#*
R L s B

fcheml = 2,00 FchemPP = 2.00 Fhtl = 1,10 Fht2PP = 1.10 Fht2HP =~ 1.10

Section 2 Section 1 Stripping Section

FacZ Dia2 HETP N2 Ht2 Reflx Facl Dial HETP N1 Htl Reflx Djia HETP Ns Hts

inch cm used m units inch em  used m units in cm used meter

1.01 3.00 9. 163 14, 1 1.01 &6.00 74, 107 80. 9 6.00 74. 28 21.2
1.10 6.00 74, 92 68, 10 6.00 74, 29 22.0

1.20 6.00 74, 84 63, il 6.00 74. 29 22.0

1.30 6.00 74, 79 59. 12 6.00 74. 30 22.8

1.20 3.00 9. 137 13. 1 1.01 6.00 74. 107 80. g 6.00 74. 28 21.2
1.10 6.00 74, 92 68, 10 6.00 74, 29 22.0

1.20 6.00 74, 84 63, 11 6.00 74. 29 22.0

1,30 &.00 74, 79 59. 11 6.00 74, 30 22.8

1.40 3.00 10, 127 13, 1 1.01 6.00 74. 107 80. 9 6.00 74, 28 21.2
1.10 £.00 74, 93 £9. 10 6.00 74, 29 22.0

1.20 6.00 74, 84 63, 10 6.00 74, - 29 22.0

1.3¢ 6.00 74, 80 59, 11 6.00 74, 30 22.8

Fhhkkdhhkddibidibbhiidihbihbbiddh ittt ddds -

*kkkk% Cost Analysis Outputs Follow ki
B LA e e

e e Ly e s e e T e T b e e e e e e e e

%tk Fac?2 = 1.01 _Reflux ratio of Section 2 = 346.4 *%
B L L LR T T L L T R p L R e e T e T e e

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10- 1.20 1.30
12,697 13,828 15.085 16.342

&-column 354602, 370413, 389542. 410331.

ExColl 54192. 46450. 42579. 39814,
ExCol2  7533. 7533, 7533. 7533,
Strip 14377, 14930. 14930. 15483,
Reflxl 207000, 230000. 253000. 276000.
Reflx2 21500. 21500. 21500. 21500.

-
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WastRf 50000, 50000. 50000. 50000.

A-pumps  39280. 392B0. 39280. 39280.
A-comprs 133200, 133200. 133200, 133200.
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000. 40000. 40000,

A-total 673382. 689193. 708323, 729111.
404029, 413516. 424994, 437466,
94273, 96487. 99165. 102075,
202015, 206758, 212497, 218733,
20201. 20676. 21250. 21873.
202015, 206758. 212497. 218733,

1595915.1633388.1678724.1727992.

638366. 653355. 671490, 691197,

0. 0. 0. 0.
638366, 653355. 671490. 691197,
398979. 408347. 419681. 431998,
159619. 167682. 176828. 186174.

R tRLUHN O =mmmoaow

3431245.3516128.3618213.3728557.

7
%,
Q
(X

77238%. 836204. 907110. 978015.
N-HNO3 58315, 63133, 68487. 73840.
N-Air 7546, 8170. 8862. 9555.
N-H20 10736. 11623. 12609. 13594.

N-total 848987. 915130. 9%7068.1075005.
0. 0. 0. 0.

95755, 98003. 100723, 103680.
79796. B1669. B83936. 86400.
7980. 8167. 8394, 8640.
42449, 45957. 49853, 53750.

™ OoOw"go

1074966.1152927.1239975.1327474,

327163, 334845. 344139. 354238,
183211. 187513. 192718. 198373.

8939. 9390. 9%02. 10426.
183211, 187513, 192718, 198373.
87775, B89836. 92330. 95040.

MO dad A

Z 790299, 809097, 831806, 836451,

$N15 w/o 18.77 19.75 20.85 21.98
SN15with  14.93 15.58 16.33 17.11

e T T T P T R R P R e e L S S R e e

*%% Fac2 = 1,20 Reflux ratio of Section 2 = 411.6 #%
kR AR Rk ik sk ok vk s sk sk ke s ke ek sk kb ek ek dedeok ek ook b

* 1In the following table, the headings for Column 2 te 11 are values of Facl, and
* the second row lists the corresponding values of RI.

1.01 1.10 1.20 1.30
10.532 11.470 12.513 13.536
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A-column 353967. 369778. 388907. 386695.

ExColl 54192, 46450, 42579, 39814.
ExCol2 6898, 63898, 6898, 6898,
Strip 14377, 14930, 14930. 15483,
Reflxl 207000. 230000. 253000. 253000.
Reflx2 21500. 21500. 21500. 21500.
WastRf 50000, 50000, 50000, 50000,

A-pumps 39280, 39280, 39280, 39280,
A-comprs 133200. 133200. 133200. 133200,
A-tanks 106300. 106300. 106300, 106300,
A-heatex 40000. 40000. 40000. 240000,

" A-total 672747, 688558, 707687. 705475.
403648, 413135. 424612, 423285,
94185, 96398. 99076. 98767,
201824. 206567, 212306, 211643.
20182, 20657. 21231. 21164,
201824, 206567, 212306. 211643,

1594410.1631883,1677219.1671977.

637764, 652753. 670BB8. 668791,

0. 0. 0. Q.
637764, 652753, 670888. 668791,
398602. 407971. 419305. 417994.
159532. 167503, 176547. 183031,

= [l S S o (3} T Ow

3428072.3512862.3614846,3610583.

N-802 772283, B35146. 904994, 974841,
N-HNO3 08307. 63054. 68327. 73601.

N-Air 7545. 8159. 8842, 9524,
N-H20 10735, 11609. 12579. 13550,
N-total 848870. 917967. 994742.1071516,
0 0. 0. 0. 0.
P 95663, 97913. 100633, 100319.
Q 79720. 81594, 83861. 83599,
R 7972. 8159, 8386. 8360.
S 42444, 43898, 49737. 53576,

1074671.1151532.1237359.1317370.

T

U 326854, 334536, 343830. 342755,
v 183038. 187340. 192545, 191943,
W 8934, 9380. 9887. 10250.
X 183038, 187340. 192545. 191943,
Y 87693, 89754, 92247. 91959.

~

789557. 808350, 831053, 828849.

$N15 w/o 18,76 19.72 20.82 21.60
§N15with 14.92 15.57 16.31 16.75

B T T T T o e

k%% Fae?2 = 1.40 Reflux ratio of Section 2 = 480.2 +%
L X L1 LR SUIONUCEUCSTUT ST Y PURFAESFRURVNHE N SRR SR STS AU RO R

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of R1.
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1.01
8.886

1.10

9.678 10.558 11,438

1.20

1.30

A-column 354035,

ExColl 54192.
ExCol2 6966.
Strip  14377.
Reflxl 207000.
Reflx2 21500,
WastREf 50000.

A-pumps 39280,
A-comprs 133200.
A-tanks 106300,
A-heatex 40000,

A-total 672815,
403689,
94194,
201844,
20184,
201844,

637828,

0.
637828.
398643.
159530.

<4 [l = - . Mmoo

N-502 772172,
N-HNO3 58299,
N-Air 7544,
N-H20 10733,

N-total 848748,
0 0.
P 95674.
Q 79729,
R 7973,
s 42437,

370399.

47003.
6966,
14930.
230000,
21500.
50000.

359280.
133200.
106300.

40000,

689179.
413508,
96485.
206754,
20675.
206754.

1594571.1633355

653342,

0.
653342,
408339.
167470.

3428400.3515847

834032,
62969.
8148.
11593.

916743.
0.
98001.
81668.
8167,
45837.

1074561.1150416

T

U 326887,
v 183057.
W 8934.
X 183057,
Y 87701.

o]

789636.

$N15 w/o  18.76
$N15with  14.92

334838.
187509.
9378.
187509,
89835.

809069.

19.72
15.57

.1622870

.3500465

982294

.1228538

365975,

42579,
6966,
14930,
230000,
21500,
50000.

39280,
133200.
106300,

40000,

684755,
410853,
95866.
205427.
20543,
205427,

649148,

0.
649148,
405718,
173581.

902766.
68159.
8820.
12548,

0.
97372.
81144,

8114,
49615.

332688.
186305,
9721,
186305.
89258.

804278,

20.46
15.96

.1673449.

.3613353.

.1067844,
0.
100407.
B3672.
8367.
53392.

.1313683.

387316.

40367.
6966.
15483,
253000.
21500.
50000.

39280.
133200.
106300,

40000.

706096.
423658,
98853.
211829.
21183,
2118289,

669379.

0.
669379.
418362.
182783.

871500.
73348,
9492,
13504.

343057,
192112.
10236.
192112,
92040.

829556,

21.57
16.73
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PNC PN8410 93-085 A-6: 90%
15 yr

wxkkk Qurtput of Program 50Kg28  wawdx
Section #1 is lower enrichment column (subscript = 1)

.Section #2 is upper enrichment column (subscript = 2)

All flowrates in moles/day

L = moles HNO3/day G =~ moles NO/day
P = moles product/day R = moles refluxed/day/G
Subseripts: f = feed P = product W = waste
N-15 atom fractions: Y = HNO3 X = NO
alpha = 1.055 Yf - .00366 Yw = 00037
Y¥p2 = .900 P2 = 18.2700 moles (N15+Nl4)/day @ 90.00% N-15

R(min} of one-section cascade = 4715.

UNIT COST PARAMETERS FOLLOW:

Enrichment Col. Section 1: Packing = $ 5820. per cubic meter
Liquid distributor = § 1000, each
Liquid redistributor ~ § 450. each
Others (packing support, collector, etc)= § 450. per set
Pipe for the column = § 75.00 per foot

Enrichment Cel. Section 2: Packing; ProPak = § 38. per liter
Packing; HeliPak = § 275. per liter
Liquid distributor ~ § 200. each
Liquid redistributor = § 55. each
Others = § 200. per set
Pipe for the column = § 25.00 per foot

Product refluxer, both sections: Column = $ 20000. per unit
’ Reflux splitter = § 1000. per unit
Others (NO2-scrubber, etc) = § 2000. per unit
Waste-end refluxer: § 50000,

Tanks: Tank 1 = § 9000. Tank 2 = $ 27600, Tank 3 = § 4300. Tank &4 = § 2900.
Tank 5 = § 2100. Tank 6 = $ 46500, Tank 7 = § 4300. Tank 8 = § 9600,

Pumps: Pumpl = $ 2400. Pump2 = $§ 4500. Pumpﬁ = § 3000. Pump4 = § 5000. Pump5 =~ § 3000,
Pumpé =~ $ 1700. Pump? = § 2000, Pump8 =~ $ 3200. Pump? =~ § 3000. -
Pumpl? = § 1380. Pumpl8 = § 3600. Pumpl9 = § 4500. Pump2l = $ 2000.

Compressors: P10 = § 6800. P13 = $100000. Pl4 = § 3050. P15 = § 3050.
Pl6é = $13300. P20 = $ 7000,

Heat exchangers: HX 1 = § 10000. HX 2 = § 3000. HX 3 = § 14000.
HX 4 = § B8000. HX 5 = § 5000. HX

802 : § .016230 per mole
H2S04: § .008030 per mele in 9.6 M H2504
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PROCESS -CAPACITY AND SAFETY FACTORS DEFINED BY USER

. Fcheml = 2.00: Multiplier for HETP of Section-1 enrichment column
FchemPP = 2.00: Multiplier for HETP of Section-2 enrichment column packed with ProPak
Fhtl =~ 1.10: Multiplier for Section-1 enrichment column height-
Fht2PP = 1.10: Multiplier for ProPak-packed column height
FhtZHP = 1.10: Multiplier for HeliPak-packed column height

Packing used for Section-2 enrichment column is Pro-Pak:

FLOODING LIMITS QF THE PACKINGS

Glmax = 126,000 moles NO/day for Section-1 exchange column
. (~ 83% of flooding flowrate in the 6" I,D., column)
G2PPmax = 12,000 moles NO/day for ProPak (Size 0.16")
(= 90% of flooding rate in the 3" I.D. column)
12HPmax = 5,910 moles HNO3/day for HeliPak (Size C)
(=~ 90% of flooding rate in the 3" I.D. column)
When HNO3 flowrate exceeds 5,910 mecle/day in the Heli-Pak packed column,
the column I.D. is increased to 3.5".

MAJOR OPTIMIZATION PARAMETERS AND THEIR DEPENDENT VARIABLES FOLLOW:

L e o e e s L L o e

* *
: Amortization period ~ 15yrs Annual interest rate = 8.00 % :
t Atom fraction @ taper =  .0500 :
: RZ(min) = 343, N2(min) = 93 Nl{min) - - 48 :
B T L T e L e S e e e e e e

e e T e T e e e e T

*k Theoretical Flow Parameters Follow *%
e dekok e do v ok e de A d Aok F R Rk e s ek

Fac2 R2 L2=P1 G2 N2 Rlmin Facl Rl L1 Gl N1 Rflowl Ns Waste TFeed

1.01 346.4 6348 6329 149 12.571 1.01 12.697 86941 86923 98 80593 26 4978 4996
.10 13.828 94123 94104 84 B7775 27 4978 4996
.20 15.085 102102 102084 77 95755 27 4978 4996
.30 16.342 110082 110063 72 103734 28 4978 4996

.01 10,532 86929 86911 98 79391 26 4978 4996
.10 11.470 94004 93985 84 86465 27 4978 4996
.20 12.513 101864 101846 77 94326 27 4978 4996
.30 13.556 109724 109706 72 102186 28 4978 4996

1.20 411.6 7538 7520 125 10.428

.01 8.886 86917 86898 98 78125 26 4978 4996
.10 9.678 93878 93860 85 85087 27 4978 4996
.20 10.558 101613 101595 77 92822 27 4978 4996
.30 11,438 109349 109330 73 100537 28 4978 4996

1.40 480.2 8792 8773 116 8.798

R R e
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b o e T e T )

*k4%  Actual Column Dimensions Follow ##&#
Feokeddek ok ek ok R dk R vk ko Atk R R ok

Fcheml =~ 2,00 FchemPP = 2.00 Fhtl = 1.10 Fht2PP = 1.10 Fht2HP ~ 1.10

Section 2 Section 1 Stripping Section

Fac2 Dia2 HETP N2 Ht2 Reflx Fael Dial HETP N1 Htl Reflx Dia HETP Ns Hes

inech cm used m units inch cm used m units in cm used meter

1.01 3.00 9. 163 14, 1 1.01 6.00 74. 107 80. 9 6.00 74, 28 21.2
1.10 6.00 4. 92 68, 10 6.00 74, 29 22.0

1.20 6.00 T4, 84 63, 11 6.00 74. 29 22.0

1.30 6.00 T4, 79 59, 12 6.00 74 30 22.8

1.20 3,00 9. 137 13. 1 1.01 6.00 74. 107 80. 9 6.00 74, 28 21.2
1.10 6.00 74, 92 68. 10 6.00 74, 29 22.0

1.20 6.00 74, 84 613. 11 6.00 74, 29 22.0

1.30 6.00 74, 79 59, 1l 6.00 74, 30 22.8

1.40 3.00 10, 127 13. 1 1.01 .00 74, 107 80. 9 6.00 74. 28 21.2
1,10 6.00 T4, 93 69. 10 6.00 74, 29 22.0

1.20 6.00 74, 84 63, 10 6.00 74, ° 29 22,0

1.30 6.00 74, 80 59, 11 6.00 74, 30 22.8

Fhhkdhkihhdikhitdkhtikdihidtdhhdbhddidhiokt -

#hkdd%  Cost Analysis Outputs Follow #&d¥s
T T e e

Lt e e e T e T e e e e T

%%% Fac2 = 1,01 Reflux ratio of Section 2 = 346,45 *%
skt e sk sk s ok o oo e ok o s sk e e e ke ok e st bk R R R R R R Ak

* 1In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values ef R1.

1.01 1.10 1.20 1.30
12.697 13.828 15.085 16.342

A-column 354602. 370413. 389542. 410331.

ExColl 54192. 46450. 42579, 39814.
ExCol2  7533. 7533. 7533, 7533,
Strip 14377. 14930. 14930. 15483,
Reflxl 207000. 230000. 253000. 276000,
Reflx2 21500. 21500. 21500. 21500,
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WastRf 50000. 50000, 50000. 50000,

A-pumps 39280, 39280. 35280. 39280.
A-comprs 133200. 133200. 133200. 133200.
A-tanks 106300. 106300, 106300. 108300.
A-heatex 40000. 40000. 40000. 40000.

A-total 673382, 689193, 708323, 729111.
404029, 413516. 424994, 437466,
94273. 96487. 99165, 102075.
202015. 206758. 212497, 218733,
20201. 20676. 21250. 21873,
202015. 206758. 212497, 218733.

1595915.1633388.1678724.,1727992.

638366. 653355. 671490. 691197.

0. 0. 0. 0.
638366, 653355. 671490. 691197,
398979, 408347. 419681, 431998,
150488. 158337, 167224, 176287.

RO PR4UHTT @ wmEHOOW

3422115.3506783.3608609.3718671.

N-502 772389, 836204, 907110. 978015.
N-~HNO3 58315, 63133, 68487. 73840,
N-Alr 7546. 8170. 8862. 9555.
N-H20 10736. 11623. 12609. 13594,

N-total 848987, 919130. 997068,1075005,

0 0. 0. 0. 0.
P 95755, 98003, 100723. 103680,
qQ 79796. 81669. 83936. 86400.
R 7980. 8167. 8394.  8640.
S 42449, 45957, 49853. 53750,
T 1074966.1152927,1239975,1327474.
v 218108, 223230, 229426. 236159.
v 183211, 187513, 192718. 198373.
v 8427. 8867. 9365. 9872,
X 183211, 187513. 192718. 198373.
Y 87775. 89836, 92330. 95040,
vA " 680733. 696959. 716555. 737818.

$N15 w/o 17.67 18.62 19.6% 20.79
$Nl5with 13,82 14.45 15.17 15.92

Lk s o e e S R e e e e e e e e T e e T

*%% TFac2 = 1,20 Reflux ratioc of Section 2 -~ 411.6 +**
ER kAR ARk ek ek b kR R Rk kbR ek ek kb sk ok

* In the following table, the headings for Column 2 to 11 are values of Facl, and
* the second row lists the corresponding values of Rl.

1.01 1.10 1.20 1.30
10,532 11.470 12,513 13.556
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A-column 353967, 369778. 388907. 386695.

ExColl 54192, 46450. 42579. 39814,
ExCol2 6898, 6898. 6898. 6898.
Strip 14377, 14930. 14930. 15483,
Reflxl 207000. 230000. 253000. 253000,
Reflx2 21500. 21500. 21500. 21500,
WastRf 50000, 50000, 350000. 50000.

A-pumps 39280, 39280. 39280, 39280.
A-comprs 133200. 133200. 133200. 133200,
A-tanks 106300. 106300. 106300. 106300.
A-heatex 40000. 40000. 40000. 400C00.

672747, 688558. 707687. 705475,
403648. 413135, 424612, 423285,
94185. 96398. 99076. 98767.
201824, 206567. 212306. 211643,
20182, 20657, 21231. 21164,
201824 . 206567. 212306, 211643,

1
(3
o]
t
fo
[

1594410.1631883,1677219.1671977.

637764, 652753, 670888. 668791,

0. 0. 0. 0.
637764, 652753, 670888. 66B791L.
398602. 407971. 419305. 4179094,
150410. 158167. 166952. 173466.

= O PRLHIT O Mmool

3418951.3503526.3605251.3601018,

N-502 772283, B35146. 904994, 974841,
N-HNO3 58307. 63054. 68327. 73601,
N-Air 7545, 8159. 8842. 9324,
R-H20 10735. 11609. 12579. 13550.

N-total 848870. 917967. 994742.1071516.

0 0. 0. 0. 0.
P 95665, 97913, 100633. 100319.
Q 79720, 81594, 83861, 83599,
R 7972. 8159. 8386, 8360.
5 42444, 45898, 49737, 53576,
T 1074671.1151532,1237359,1317370.
U 217803, 223024, 229220. 228503,
v 183038, 187340. 192545, 191943.
w 8423,  8857. 9349, 9714.
X 183038, 187340. 192545. 191943,
Y B7693. 89754, 92247, 91959,
z 680095, 696315. 715906. 714062,

$N1S w/o 17.66 18.60 19.66 20.44
$N15with 13.81 14.44 15,15 15.59

ek kb vk R R d R o Ak Ak dedk ok ook e s e sk s ek sk sl sk ek s e b b b b ke b b R

*%% Fac2 = 1.40 Reflux ratic of Section 2 = 480.2 **
B T L L L T T S E F R T s s s

d
* In the following table, the headings for Column 2 to 11 are values of Facl, an
* the second row lists the corresponding values of Rl.
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1.01

8.886

3-065

1.10

1.20

1.30

9.678 10.558 11.438

A-

A-
A-
A-
A=

A

B O HROUHT 0 smuow

N-
N-
N-
H-

N-

O™ O

KMEdD A

Z

$N15 w/o
SN15with

column 354035,

ExColl 34192,
ExCol2 6966,
Strip 14377,
Reflxl 207000.
Reflx2 21500.
WastRf 50000,

pumps 39280,
comprs 133200.
tanks 106300,
heatex 40000,

total 672815.
403689,

94194,

201844,

20184,

201844,

1594571

637828,

0.
637828,
398643,
150407,

3419278

502 772172,
HNO3 58299.
Alr 7544,
H20 10733,

total 848748,
0.

95674,

79729,

7973.

42437,

1074561

217925.
183057,
8423,
183057.
87701.

680162.

17.66
13,81

.1633355

.3508503

.1150416

370399.

547003,
6966.
14930.
230000,
21500,
50000,

©39280.
133200,
106300.

40000,

689179.
413508,
96485.
206754,
20675.
206754,

653342,

0.
653342,
408339,
158126,

834032.
62969,
8148,
11593.

916743.
0.
98001,
81668.
8167.
45837,

223225.
187509.
8855,
187509.
89835.

696933,

18,59
14,44

.1622870

.3491180

992294

.1228538

365975,

42579,
6966,
14930.
230000.
21500.
50000,

39280,
133200.
106300.

40000.

684755,
410853.
95866.
205427.
20543,
205427,

649148,

0.
649148,
405718.
164296,

902766.
68159.
8820.
12548,

0.
897372,
81144,

8114.
49615,

221792.
186305.
9201,
186305.
89258.

692862.

19.34
14.84

.1673449,

.3603779.

.1067844,
0.
100407,
83672,
8367.
53392,

.1313683.

387316,

40367.
6966.
15483,
253000,
21500,
50000.

39280.
133200,
106300.

40000,

706096.
423658,
98853.
211828.
21183.
211829,

669379,

0.
669379,
418362,
173209,

971500,
73348,
9492,
13504,

228705,
192112,
9700.
192112,
92040,

714668,

20.41
15.58
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Appendix B for Report No. 3

{ Drawings of Essential Parts of Product Refluxer Module )

Prepared for

Power Reactor and Nuclear Fuel Development Corporation

by
T. Ishida and Wm. Spindel

‘August, 1992
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Modular Unit of Pr;)duct Refluxer:
Size View of Assembly

-7-a t MOX
scrubber
Electrze

To ! b )
1H
wd L/ fe raué’_b +
eed ( ~7Tep Dome

T ] :./ %Fbe shee?,’ [

27 (2

—— one of
& inner

k| Fubes

one of
12 outer
Fubes —.dy Shell-and- Tube

Marn body

]

(v

Twbe sheel,
7 botlarn

o
L. pressurefieve!
coufrof
1z y ;51/47’;:
Trom sides Bottom Dorre

V From batfom

JRIRER]
——

F.4 ?a.s' ml'ef?_.-, ’ l

One liguid ou?ffe.‘f‘
a/ang the ayis

Modular Unit of Product Refluxer:
Top View of Tube Arrangement

7. Ishida
£/92
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Tep
Tube Sheel” //

//

“Hect- TaanSter
Tube ) 44 mmOD,
1.6 mm wall ——

Beatf2rm

“Twbe Shesl® 22;???
L
Z

Bottom of

botfom dame _wﬂ

7 Ishida ¥/32

Backed vwith
Qlass helices

| eking suarort

%

N
| R
:::::#::::::
i1
|
|
|
f"‘l--..
o U
|
l -
| A“
Sl
L ;gno!zt

Modular Unit of Product Refluxer:
Detail of Each Tube
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&k 1

PREPARATION OF HIGHLY ENRICHED NITROGEN-15
BY CHEMICAL EXCHANGE OF NO WITH HNO,
(NO LHNO; DAL Ak IC & Bl S M/ EH — 150 75D
BY T. 1. TAYLOR & W. SPINDEL

L8 =

BERE-151L, BAOFEICLIDBRINSD, ERIISREEORRBELEET H/0DICE, &
WEBH LI XA UAENBEWLN S,

21 BE-ESERLANSELET 5L O

AT 5 & BREY a %'°N
NHs —NH.* 38§ Thode and Urey(1939)2 1.023 728
N, Bk Clusius(1950)® _— 998
NHs —NH,RA A %42 | Spedding, Powell and Svec 1.0286 997
(1955)
NO—HNOs 354 Spindel and Taylor(1956)% 1.055 99.9

LY R b7 P UFERICA, MOSRY AT A, Y, FREGEE HRELE B
SNBEENATEIENTEL S, ThHOHERTT» LEBROSEHIL, Capman, Broida,
Begum, AllenSHMRER L bOOPICRIEYE 3, '

L, EFEMERTHEOVREREESAL A ILTAEWENA T~ DHBFEEXH 21261, &
WILBERFIGEECT 00D 3 ZH{LFEZR Y 2740, ExRORMESEHChoFELD
b—RENIciFEN B, AL, EFR-1513, KEITHI: - TRastman Kodak £k - T, Thode
Llreyic & ~TRIRE N/ T v THREWEET VBT LOER & ORI L V0%
NUETREBINBENESNTVWS, JoTHRT A —EBILER (NO) LHEE O
B, TrEZTHREWHET Y=Y LOBIRE OBORRELD, FICBEMEMD O
FHNEL, BELERRIGAH 3 LW S THALD 5,

2.NO—HNO; X T o+ X

BITEE S 5 AORTOLETRPRI L 30> TITDHAERIL NEN. ORDERIZLS
ZREFIATEIET, MIDEZE-15OBENINIFERER LI, Z0FROTT, MES
SLOPGBIBENWT A v —2 ANTN: MONOE O, 25T AL T, HEEMIMOBRAD
(LEMERE TS BBRIED -1 THODEROERE Leifer'® S0 & SICPBIOHER,
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NOENO: DRIDARZBWITFHNE WD L EERLTWE,

TR & —EMLBHFH R U TR T 3 &, SHEIAN0, N0, . NoOs N20s, H,0 , HNOs&HNO,
EEU. WL, WEEEACIA TN, R0z, No0s, No0iZHNO, AZATWS, 32213, Abel,
Schmid, Stein-Wein'? DOERZELEICEH ULASHOEREEH L TH B, Br O(LERD
DEFRERAETHY, 2OPIEIRERNETH 2—B{LEHR, BHBISIER 4 VB0
EEENETHRO A B X LB D EEZ OGN, BTRTD, COILREVEEBETIIES
TH 5T EMYRL 7z,

F2 BCKREEOHEEE EHREICIATIEOBLFOENY TR UTARY

EEHRED

THEREEE (mol/D) NO NO- Nz0. H20 HNO s HNO,
13 50. 1 20.3 28.4 1.0 0,16 —
11 68. 2 15.1 15.4 1.3 0.05 ——
10 77.9 11.6 9.0 1.5 0.03 —
8 82.1 4.5 1.4 1.9 -_
6 95. 8 1.5 0.2 2.3 — 0.2
4 95. 6 0.5 0. 02 2.6 — 1.3
2 96. 1 0.2 0. 004 2,9 — 0.8

FUAEITIEREER, HYUERRKIEERSIFB3 L IET B ETH -7 FAHEEDH 2% ¢
ORIGEHA L%, THRERBEEIH, HEEE _EBEEE (50; ) ¥R EORGHBELADITWS
DTH»Tco REMICHREINS, COTOERTHERTIURIGERESICE & BT,

%3 NO—HNO, 7 oEZROELKIE

K s K B R
25 i N0 4+ HN'Q; N'"Q + HN'0;
HRRETR 380: +2HNQs +2H,0 — 3H:S0., +2NO
SO: +2HNOQO; — H:S50; +2NO0O.
BEEYRER 2NO + 0.0ir — 2NO,

3NO: + H:0 — 2HNOs: + NO
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3.NO—HNO:Z&ZT & 2 5 L .
ERECOINRHRY T LOBHER 1 IR, R, THEAS A0 EBEDERH S A
ERILL D ICHENS, HENY T LD DERYRRB A>T /o b X, Fhi3TEALEHER
(80: ) EDRIGICED, NOEWL HIDONOICEREI NS, FEEtIR, TotzxoficBWTHE
REh, ERBRSBSOENSEERE LTELHINE, ZEB{ETE (50, ) okhid, *E
FU L— &N RRBEAL T L >TEBICT Y bo—L 33, BEY BLEN BES
BEoFEbEIUEMICHVW N TE X,

Waste
Refluxer

Exchange Column
Pocking

Fivoled Giass Funne!

L | H0

7

Liquig Product

Toke-off Ll

¥ig. 1. Laboratory exchange columa for studying the effect of operating conditions
on the scparation of nitrogen-15 by the exchange of nitric oxide with nitric acid.

1

f1-3



PNC PN8410 93-065

FISRD e HERRREEHRAT 2 FEMEI NI, LA, NOPON, DEER, #5354
HOBEEE FERBICS 22N LD BPPEV. N0 OBEVILEREL, BREOCLE,S/DED
KERAT B LI >THONI, THICL > TELHIDLREINZINO, +H,0—2H
NO: +NOIZE» THEEENOICER LT, EUNEBEAOBREHbE:, BRIS LAELH X
PON0DEEDI Y bo—JLE LTRHWSh 3,

35 46% FRTIEHRBE, BROCERIGZERLLS L2388 ERIG L TR HES
BEfTo. TR, BF-15RERICBOLTEREIA, NN ZEFLESI, HLL
RIEEEFEILEI DL &9 TERBF I T THOBINETHA S,

HARAWNAZ L0 LERERE, TNOREBEEMERESICAD, BE (ZESPD) EKkERBL
THEEE LB, CokHic, PEOERINAERDEZRWTE, BENINBEBIITERCREL
THERTAIENTES, — iR, BEIRXTFLTR, BEVERSHLOBBO—LEII,
BASLOZ M) v EVTERICRENE LIS ATHS S,

R I ERER BRI N ERE B hOEBORAEFTI 1Dicid, S EIR
ETE COERDHRIT, RICBRLA: 25 MENLIZEWA S LOPTREI NI, B—X
T UTOSBERORTEICR -2 h S 0ERIZ, DToETRdIhs, '

4 B—-X5F-UTORHMBEE

NO—HNO. RIBMATORDEBRTREFHIL, TORERENE—~IF - QB ERTHE, =
OFRE; ald, FEREICSS GREFON'S /N St (FRHEBONS /N ok -
TEZEIND, T2ld, HIOM—HN0:D a DIE%: 2 >DEEZHETHRELI'D , —OHE
i, 2103 VEINO—BEEER (KRET T250cc) Z10MHNO; 1078 & SEHF I B TH—X F— U8
vFICLBRETH S, ISEIDEREDOFIYD o DIEITL. 055 +0.005 Th -7 SOFER, T
LAIEER R AEEL, GELAR, 40 7L OHEDCREICAE (RET 2, 20HDEE
3 D LS. Drury'® 2k - THRXICREBINAAETHEH, BBENREEHE Lich T 4
MICHBIT 2ERIRETORBEOEICE S bOTH B, #5 LOHOT L — D%, Cohen!?
b L < idShacter &Garrett'® OXNEHWT, TNTHOBNRIZET 2 a DEEEET Z7-5D
WETE &SN/, al A7F—VHE oy PLAZOHER nEadho0EBROLY -2
BWTEHTHIEVWIEHEDDLET, HBEIBVIRET S, BL20oRE, 1->08cs
WTRZLIEM -7, BEifRida=1.053 £0.005 &n =48+ 3 IC¥Y T 24ERERE L, T
DERIL, B—X7—-UVERZBREL DL L,
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5. ¢ XX T ATHEREE O &

EODDTFIHEROATEIN LD B—2 57— DREHRRICS I 2 0D OWMBEEOREEIIL T
ER'Y #5X7, 1M-BN0;; a=1.062, 6M~—HNO; ; @ =1.060 , I0M—HNO; ; a =
1.055 , 12M—HR0; ; a=1.044 . CHODERNS, HEEOEENI0N,/ 2L EICBEWTIE,
aNEDEEINISBBEIIRRA B, Spindel'® OFBIcEBF—sE2 b i Licita
3, ETORUAHARIEBIZ aDEELTOLSIcH7:4 5, NO—N0:™=1.096 , N0, —NOs™=
1.053 , NO—NO2~=1.006 ,N0;—N0."=0.966 , NO—NO; =1.040 , L HR LA EHEBMBIKTX
b, aDERBNOEN: OEMRILENIROHEELD b/hav, HERRENIEMT 5 &, NO&
NOa DA ORBBEOEENEML, MOMFERETOHETIMPNIVEIRE LI EhoFahs
T, aDERTFETE LD, SLIBECLESLTHASD,

B EREEXR - 15OREIIEY32aDEEKE

EREER-15OEEIIEIT 2 a DERKRR, R4CHEIATWS, FESNALVNOEL

SRELEETHDICHERESEES T, BEMBEON /N RICH L TERDEDON'® S

NIk TH B, CORHCIDITERINZEPRT—VH; nid, S=a® (I Talll—

RF—UREHTHE) KE->TELONB, 2VWTW, EEQDIRERLORL T -]

BDL 5~2EDT Vv — MDA T LEED, TOI, 99.9%OEFR—15OEEICE, a=

1. 02712628, a=1.05T S12EB3NNETH b,
CCTHWONRBXIRA M) v U I BSERILTVWRTIR, ERPcHT aRPORBE

D, & '

L (min) N (1+ (a—1) (1-No¢) ) —Ny

P (a—1) N¢ (1 —Nyg) .
TiHETE 3, JOTC, LERDOWRELE (3/8), N BUNOH#BEEBOEVHE,
N, @ NOBBHOE LR, o dBE—2F—UHBRETH 2, 1 NHKRDIFLEHO. 365
YOTERE a AL 05OTIET, 99. 0% SUEIRITT3-DITERI NS BRI, BISEINED
15 & BSTSUETH B Chid, EROT L — MR E 570 & ZOBRADEIEETH %,

%4 BEESEHR-150DIERINIUTIHTAHEREI ATV

%N LEOHEE  Ba7-UaiFRae  A-VHORNME SBT3 EHEORN

60 400 1.02 303 8360
1.05 123 3440
95 5100 1,02 431 13270
1.05 175 5460
99, 9 269000 1,02 631 13960
1.05 256 5750
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BTV — MADR > e D 2 fENEDNBEVIFTELYEL T, T/ BEPTHLEES 15
2, REEFELUCB/MELD b20~40%A/BICHITT B3I &hTR3N 3, o, L/PH
MBS0 L LB THAH D, THDDL, EINT ZFHEADEAH, a=1 05ICDWTH145mm, a=
1 02i22WTHY60ppm LB THA D, FERELT, HEBRENSOWERC10ppn LI OEE
WEEND, bLLRERBOUNCEEOHRZRML A ZEASRICHETZE, chidns
DOBBDEALNLS T EERT, VBV aDETHIIE, THOOBERXIZEEE T
CBETEHELD. TNOLDORRDHEER, 2R IBH/OREICDELILZH Ay — FAREL
—BDAT LORDDICHVLND &, BELHEYCERINETHA S,

aDEETEH I —D20BENERR, HIREINALELTEET IOV IFLORE
I, BREN—ETIORMOBEEBRICES, 1./ (a—- DUH-TEETZEVWSIET
HBo U, ATLOEX, BEIIHBLINBHEN (bLREHR X 1./ (a—1) Iz -
L2 TNWBLDTH B, TDd, bL (a—-1) P0.02DEETS VML, (a—1) A
0.0 5DLEDH6EDEENNELNLE,

T2 K0SHMEFEHIIH T AT BREEL:EEOYNE _

e DREEBOEEML, WETHBIN:, BHBOEBENLDVEVEEZICaRnIbAE N
D, FRUEBEOHFIFERDEEVIBRICETETHS S, WBROKERELGELELI:
BT, REUEROFEHIH S LOPEERATEEVWIEERIZITEHE, 2 20BOEEIIR
£ 5, TOELL BREIGRLERLTVS, 1 2HIE, BEENEV ERBHEERW-{ DL
BB5IE, ZUT2oHIE, ZEMERR (50. ) LiEEE: ORI COBKRIEAEVEHEE I B
TEEIL, TUTCERKEIBRILETH S, 2LT, BIRERLALLI K, ER{LRED(LERE
DNV OZHRIGIT B TNO E N + N0 " DRI E bR & U TERI N2 DTN,
Fx ORFIL, REBHEADZXLITH>VWTRETLTOREWSY, Fr OREELREEE L
L BDINSIEA T ATOLEOHBFREICET 25RIE, ENEEROEVBELERT /D
MBS ESI T N5, ‘

PEL O, £IL5mT1  16in0DH 5 RO SBARMEFRR LIS T LOE { ORERES
Bid, R5ICTEFLHONTVWS, BHOLHNZ, 8~10M—HNO; DEFRICHWT, BIE BRES &
B0 Bx OERIZ, WIOM-INHEEOSMENHTHBILERLTWS, Jhid, £HEE,
E7, RE, XEMHOS A FIck->TERL, THREED L RBEREOL L SARBREEE
IO LTWAENMNIE>THRE S, BHOMIS, 72X aM2M—EN0ICBVWTBWE LT
b, THEW- D ELARIBEETH 57 DICEETE AEETIIN NV, 10M—HN0O. DI E D
ETid, NBENSED, ZLTHBEFNEOTED ad, NOEEBEIOZNLD H/HAEV
7e¥, ROLEDQ o DEIE L5, FRELT, PIATBREENETOENM272&LTH, B
VEEREICEWTI, a DEIVNS K BB DITLEOSEEHITNE {112, WAWAT{EEE
BOBEOZEY, BE, ENcL3icd, REBERBEREEELICELTEITHSS,
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£5 ER, AKEChiysEHEECLADORE~DRE

PHERIEEE HE  ml/ef-min SEOSEEHRE
2M 0.8 1.2
6M 1.3 2.0
&M 1.5 2.3
“10M 1.5 2.5
12M 1.3 L7—-20Y

D&FEosikd, BiRdEh o ONHONBEICERTH » 7,

B.EAELEREDR
EEEOER-1508IRESL 312D, BELA S LEITOERINS 2{EOHE T %
BZ2E5HBIEVHEEICBOWTREINZZEAEZ LY, BVWREBRBWTE, X7-Y
OEIREDERIBLBDICLBETHA D, LOLEND, IDFWHETIE, TELLKEIRN
B7-DIRBERINAERRIEC LB THAH L, £, H#BIF LBV TEREITEHOH
BRIBELNDZTHS D,
LO0&LOKEICh T 2HBOHRIC OV TORBERELEER 6 TR,

6 10M—-HNO:DZERICHBITBENEKEDOHEE

v R N MEOEE 1. 0OKE L.9KE

mb/cf-min S HETP cm S HETP cm

2 1.6 2.6 8 4 2.4 9.2

2 3.2 .9 125 2.4 9.2
9 1.5 2. 4 9,2

3 3.3  — — 2. 7 8.1

1.6 6. 2 2.8 5. 6 3.0

10 30 3.6 4.0 3.9 3.7

5. 0 2.4 5 8 3.1 4.0

1) #5542 ;WAElen, BX 150em, FHEH1/16in A 5 2815 EARY
HILS ; HFLLLRILTHABELALHOD
#Z 510 ; HE2 5on, £X95cm, FEHEH #30132 7 L RE “Helipak™, 0.050 in
X 0.100 in X 0.100 inOEAFICE W SR AR T, Podbielniak #+
1V /4, YAT) kbiEohi,
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CHODHREZEET AL, 1TFICBVWTHEN I3 &, 2E0ARICEREEES
o FT IEMWRENTVS, L IKETIE, HEEVENLE L 2025058 G OB,
TZWANANZIVWHDTH -7, BVENTENWTHREEIEWS &, BENRoRnoTE
HEREEEZTHA D,

BVEACBWTHENSEINZ LR, 75 LDORIMDTNMIEL - ThikERED
TEENIEND, KBEBZIIBWTERDDSbDEH D, BE (LKD) LKkOER
(L & DRSO HDOREEEFHZ L, BVWEANCEVWTIDHBHIREINETHAS T
L MmohTW3, SVENTORMER £4, 75 L0818, ELOEMEINENT 5725
KERETOSEEER—15OTRLOEYTEREZNSHEVWTHS D,

3. 2RO N MBI ITIEEDR

75510 (356) DEEN L. 6mf cf-nin, 10M—HNO: CIREN25CH S —10CITET Lic &
X, SEODMEREKIZ6 2004 2NETF LI, 75 LOEBEMNBTCTHSE0TCICERT 2L, &
EOSEHERIT, #6. 2054 4NETF L. 2EBEDERV Y —X3, HEEBEEL L DIEREC
HIET BIDICEEEI NI, BILASLTH-4D, FERVFELAHEHZREMM LIz, &K
WS LOPERBKLTL BHAHONBES, HANERTEH5 LLBE RTE CEEIC
HRT 5 EImEEN Db, 24058 FRIL, 10°0CTIE3. 2, 25°CTIE6.9, 45CTiR
7.4, T0°CTIE6. 3 TH -7

BSMMNC, 25~50°CORICREEREENS 5, CORBRER, FhH BEE KR #5L%
EHMOBEFICL >~ TREINETH A, ChoDEFIR EHHE T PAEEUS X ARAMN
ZhE bRBEREIC L ARAIDIREIL L > TRIIBTHS D, LVBVWEEILBVWT, BifgE
MNoDH APONLEBER, EERNEEELLT,

BEO LRI XEPON BEOBMIST TRIEL, aDEZ/NSLTETHAI, TD
b, PIAEEENRTOCICBOTLDENE LTh, aDEINELB DI, 2EOHEER
HIHEL 1B, LVEVEERBOTE, aDBERSBTIEBEZELD bE L LHBEINL
A, REEEIGESMCEL, ISIKEHEOBRIIFE LI BVWIDEN ST,

BRIEQ-HORBRGOREICIE, BXOBEETOES, BE REFOEBIIOWVWTED
ILEEFHDERNNHNETHHENHA Lz, ULALENS, TTIRLAEBONAERICE-T,

- 8~10M—HNOsZFV, EiR, AKETHEMNL 5~2. 0l cf-ninh B S { BR T~ ERS

10.

HTHA

AT LFREHOEE

EFR—-150BE%E, 0,365 %599, 9K IZHEMS €3/ DITIER IS ROBR AT — VEN
HETH BB, BRT V- MEHESS (HETP) ANISWETSH 2 E VS BEEH-FIR
MEFEHTEIEREETH S, BAOH T LEREVMOBHR, RTIKEHNEShTWS,
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£1T H5LFEEMHOEE

AL ERE RE O OKEM HETP &7/ g HETPE 7= b @

cm cm md/cc  mb/cf-min PUFERER (43)
1 1. 0X 150 3/32in " 10.8 0.16 " 0.75 2.3
#7788 ohdkn
2 1.0X 150 1/16in 8.8 0.14 1.6 0.77
$7780 oRAIKED
4 2. 3200 1/16in 8.7 0.13 1.4 0.81
#3281 bRAIRED
5 1.6X110 41 7.4 0.12 2.2 0. 40
iy Y7l
8 2.3X 25 11 7.4 0.23 1.6 1.1
K97
7 2.5% 160 43013 3.4 0.11 1.6 0.23
“Helipak”
10 250X 95 #3013 2.8 0.11 1.6 0.19
“Helipak”

INSOIER, 10M—HN0; Ta OfEHL 055 D& EIZBONISEOFHEHIVITELTKD
btz HETPDER BER1adh S AHhOFEME3/2inh51/16inRON 5 RELEA
BNz &%, 10.8en/n58.8 cnlci@ D Lo #TLADERNMLO cn 52,3 enliciEILT

b, HE TPOEICEATE 3IEEOTLIIR 5 h-72e 415 ZAD1/16in HEARBORD
iz, “Helipak” §3013&WvbLB A5 L AEDT A ¥—F 18 (Podbielniak ¥t ¥4 4,
AY/4) #HW:LE, HETPODEIRS 7T 1h52.8 en~ERELBLDTAFEREL -7, R
7 v L ASFRIEM OISR~ OBERE, FEICEVIERRREIN/, STAT - b &S
ThoF e v THSLIZEB T V- ORI, THTNIRESNLTH -7 ST T L=}
HILSE DS 1 H>ORFELSE, EEICEORWREOTEE T L TSIBES WS
ETH5,

RNy Fv v ThT LERVTE, BEDPOBMERE (co) BDOR—-LF7vy 7, &
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Fig. 2. Schematic diagram of a two saction cascade for preparation of highly enriched
nitrogen-15.

B 2

Fig. 3. Product refluxer for the first section of the cascade,
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PROCELEDINGS OF THE SYMIPOSIUM ON ISOTOPE SEPARATION, AMSTERDAM, 1057

CHAPTER 10

PREPARATION OF HIGHLY ENRICHED NITROGEN-15
BY CHEMICAL EXCHANGE OF NO WITH HNO,®

BY

T. 1. TAYLOR anp W, SPINDEL

Depariment of Chemistry, Columbia Universily,
New York City, N.Y.

L. Introduction

Nitrogen-13 has been concentrated by a variety of mcthods, but those
that have been used to produce relatively high concentrations are
summarized in Table 1,

Tavre 1

Methods used for producing high concentrations of nitrogen-15

: Single o
System Authors Stage e
factor, a
NH,-NH,* exchange Thode and Urey (1939)2) 1.023 72.8
N, thermal diffusion Clusius {1950)%) — 99,8
NH,~-NH,R ion exchange  Spedding, Powell and Svec 1,026 . 997
(1935} ‘

NO-HNO, exchange

Spindel and Taylor (1956)%)  1.055 99.9

In addition to the methods listed, one could use other exchange systems,
distillation, gaseous diffusion, gas centrifugation, clectrolysis, ctc. Refer-
ences to experiments that have been done by such methods may be found
in the compilations of Chapman and Broida®) and Begun and Allen?).
Provided there is a reasonably high single stage scparation factor with
rapid exchange between chemical forms, the two phase chemical exchange
systems for which suitable reflux reactions can be devised, are, in general,
more favorable than other methods for separating the isotopes of thelighter
clements. Nitrogen-15, for example, has been produced at concentrations
of 609, N5 for many years by the Eastman Kodak Co.?) using the exchange
1538
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between ammonia gas and a solution of ammonium nitrate developed by
Thode and Urey?). The nitric oxide-nitric acid exchange process clescribed
here has some advantages over the ammeonin-ammonium ion system

principally because of its higher single stage Separation factor and’

favorable reflux reactions.

2, The NO-HNO, Exchange Process

Previous experiments on chemical exchange effects in thermal diffusion
columns?) showed that exchange between counterflowing streams of NO
and NO,; resulted in appreciable  concentration of nitrogen-15. No
chemical conversion of one species to the other was required in that system
since the hot wire in the centre of the thermal diffusion column dis-
sociates the NO; to NO and O,. The results of those experiments and the
carlier work of Leifer'®) showed that the excliange between NO amd NO,
was rapid.

When nitric acid and nitric oxide are contacted and allowed to conte to
equilibrium the gas phase contains NO, NO,, N0y, N,0,, H,0, HNQ,,
and HNQ,. The liquid phase, in addition to nitric acid and water, contains
NQ, NO,, N,0,, N,O, and HNO,, Table 2 summarizes the composition
of the gas phase as calculated from the results of Abel, Schimid and Stein-
Wein!), It was felt that a mobile equilibrium among the various specics
would provide a mechanism for rapid isotope exchange between the major

TABLE 2

Approximate composition of gas phase in equilibrium with nitric acid at 25° ¢}
and atmospheric pressure expressed as mole percont

HNO, ) ‘ :
moles/] NO NO, N,0, H,0 HNO, HNOQ,
at equil.
13 50.1 20.3 28.4 1.0 0.16 —
11 60.2 15.1 15.4 1.3 0.06 —_
10 7.9 1.6 9.0 1.5 0.03 —
B 92.1 4.5 l4 1.9 — —
G 95.8 L5 0.2 2.3 —_ 0.2
4 95.6 0.5 0.02 2.6 - 1.3
2 96.1 0.2 0.00+4 2.9 — 0.8

components, nitric oxide and nitric acid plus nitrate ion. This turned out
to be true for the higher acid concentrations as will be shown dater.
The major technical problem was conecerned with finding a suitable

3
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product reflux reaction. After trying a number of possible reactions. it was
found that the reaction of nitric acid with sulfur dioxide gas was satis-
factory. The principal reactions involved in the process finally developed
are summarized in Table 3,

TanLe 3

Principal reactions in the NO-HNQ, process

Reaction Equations

Exchange N1tO - HNHO,= NHO 4 HNU®0,
Product reflux 3 80, - 2 HNO, -}- 2 H,0 -3 H,50; 4 2 NO
50, 4 2 HNO,—H,50,+ 2 NO,
Waste reflux 2NQ 4 Oy {air -2 NO,
3 NO, + H,0 —+2 HNO, + NO

3. The NO-HINOQ; Exchange System

A typical laboratory exchange system is illustrated in Fig. 1. Nitric acid
is flowed in at the top of a packed column similar to a distillation column,
When the nitric acid runs irom the column into the product refluxer it is
converted to NO with some NO, by reaction with sulfur dioxide. Sulfuric
acid is formed in the process and flows from the bottom of the product
refluxer as a by-product. The flow of sulfur dioxide was controlled
automatically by means of a photoclectric relay and a by-pass solenoid
valve, Other methods involving the use of thermocouples, clectrode
potentials and polarized electrodes have also been used for this purpose.

Because of the heat of the reaction, a means of cooling the product
refluxer was provided, but even then the concentration of NO, in the NO
was usually somewhat higher than that in equilibrium with the nitric acid
in the column, The proper concentration of NO; was obtained by intro-
ducing a small flow of water at the top of the refluxer. This converted some
of the excess NQ, to nitric acid and NO by the reaction: 3 NO, - HyO -+
2 HNO, 4 NO. Refrigeration to the appropriate temperature has also

been used to control the concentration of NO, in the gas stream returning

to the exchange column. -

The oxides of nitrogen rising in the column undergo isctope exchange
with the nitric acid which preferentially retains the nitrogen-135. Thus the
nitrogen-15 is concentrated at the lower end of the column and may be
removed either as NO plus NO, gas, or by means of the swinging funnel,
as nitric acid.

Cl. 10 PREPARATION OF HIGILY ENRICHED NITROGEN-I§ 161

After the gases leave the top of the column, they enter a waste refluxer
-where they react with oxygen {from air) and water to form nitric acid.
Thus, except {or the small amount of product withdrawn one can get back

Gas semple e
- fake off

Exchonge Column
Packing

Fivoled Gkass Funne!

Tig. 1. Laboratory exchange column for studying the effect of operating conditions
on the separation of nitrogen-15 by the exchange of nitric exide with nitric acid.

the nitric acid used in the process. Normally, in a commercial system,
pact of the nitric acid from the waste refluxer would be returned to a
stripping section of the exchange column, .

In order to design a system for preparation of highly enriched nitrogen-
15, the effect of a number of variables on the overall separation was de-
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termined in short colummns similar to the one described above. These

experintents along with the determination of the single stage separation

factor are described in the following scctions.

4. The Single Stage Separation Factor

One of the most noteworthy features of the NO-HNQ, exchange system
is its rather Iarge single stage separation factor. This factor, «, is definecd
as the ratio of N*$/N™ in the liquid phase to N*/N4 in the gas phase at
equilibrium, We have determined the value of « for approximately
10 M HNG, in two different ways'?). One method involved single stage
batch determinations in which approximately 10 millimoles of nitric oxide
{250 cc at atmospheric pressure) was equilibrated with 10 ml of 10 M
nitric acid. The average of 15 runs resulted in a value of 1.055 4- 0.005
for «. This method relics on rather precise mecasurement of isotope
abundance, quantitative conversions, and purity of samples. A second
method, suggested to us by Dr. J. S. Drury'3), is based upon the value of
the sleady state separation in a column as a function of the rate of with-
drawal of product. Values of the number of plates in the column are
caleulated for dssumed values of « at cach withdrawal rate using the
equations of Cohen') or Shacter and Garrett®). The curves for plots of
o versus the number of plates intersect at a point provided # and « are
constant for the series of experiments. Although our curves did not
intersect at onc point, the curves crossed in a region corresponding to
e = 1.0453 I: 0.005 and # = 48 4- 3. This result confirms the single stage
experiments.

5. Effect of Nitric Acid Concentration on «

Some preliminary measurements gave the following results*®) for the
effect of initial nitric acid concentration on the single stage separation
factor: 1 M HNO,;, « = 1.062; 6 M HNQ,, « = 1,060; 10 M HNQ,, & =
1.055; 12 M HNQ,, « = 1.044, It is seen {rom thesc resulis that « falls
off rather rapidly at concentrations of nitric acid higher than 10 moles
per liter, Calculations from spectroscopic data by Spindel®) gave the
following values of « for the pairs indicated: NO-NO,” = 1.096;
NO,-NO, = 1.053; NO-NO; = 1.006; NO,-NO, =0.966;NO-NO, =
1.040. Even in the most dilute solution of nitric acid, the valuc of « is
lower thari that calculated for an idealized system of NO and NQ,™. As
the concentration of nitric acid increases, the concentration of species
other than NO and NO,  increases and the value of « would be expected
to be Jower as indicated from the lower calculated values for the other
chemical species.
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6. Significance of o in Producing High Concentrations of Nitrogen-15

The significance of & wilh respect to the production of high concentra-
tions of nitrogen-15 is illustrated in Table 4. Te produce a given mole
fraction of N, the overall separation S required is the ratio of Nis/N1s
in the product to NN in the fecd. The minimuwm number of stages, #,
required for this separation is given by § = «", where « is the single stage
separation factor. For production, enc usually builds a column with 1.5
to 2 times this minimum number of theoretical plates, Thus, to produce
99.99% nitrogen-15, one would use 1262 plates for « = 1,02 and 512
plates for & = 1.05.

In a system without a stripping scetion such as the one used here, the
minimtm fecd to product ratio can be calculated from the equation

L(min.) _ 'N’D [I + (ﬂ— I) (l _—'Nﬂ)] _ND
P @—DN (=W,

where 1. is the minimum feed rate in moles per day of nitric acid, P is the
withdrawal rate of products in moles of nitric acid per day, N, is the mole
fraction of N in the feed material, Ny, is the mole fraction of N in the
product, and « is the single stage separation factor, To produce a product
with 99.9% nitrogen-15 from nitric acid with the normal abundance of
0.365% nitrogen-15 by a process in which e is 1.05, the feed rate required
is at least 5750 times the product withdrawal rate. This is for maximum
transport which would be obtained only with an infinitec number of plates.

Tapre 4

Number of stages and feed to product ratios required for high concentrations of
nitrogen-15

A . Qverall Single stage Minimum Minimum feed to
Nis separation factor, ¢ No. of siages protluct ratio
GO 100 1.02 303 8360

1.05 123 3440
95 5100 1.02 431 13270
1.05 175 5460
99.9 269000 1.02 G31 13960
1.05 256 5730

To take care of the fact that only twice the minimum number of plates
is used and to provide for losses, fluctuations, ctc., the flow is usually
made 20 to 409, greater than the calculated minimum. That is, the L/P
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ratio would be about 6900, or the fraction of the flow withdrawn would be
about 145 parts per million for « = 1.05 and about 60 parts per million
for « = 1.02. Consequently, if the sulfuric acid from the product refluxer
containsas much as 10 parts per million of nitric acid, or if an equivalent
quantity of a non-exchangeable gas species is produced in the refluxer,
this would represent an appreciable fraction of the product. The higher
the value of &, the less significant these losses will be. The effect of such
losses is also considerably reduced if a two or three section tapered cascade
is used instead of a single long column. ’
Another important consideration with respect to the magnitude of «

. is that the size of a system to produce a given quantity of material, at a

specified concentration, other things being equal, varies about as
1/{e.— 1)2 This is because both the length of column, and the flow (or
area) for the required transport depend on 1f(a — 1). Thus, a plant about
6 times larger would be required if (o— 1) is 0.02 as compared to an
{e — 1) of 0.05.

7. Rate of Exchange and Effect of Concentration on Overall Separation

The importanee of a large value of & has been stressed in the previous
section. Since o« is larger for the lower concentrations of nitric acid, it
might be concluded that the more dilute solutions would have some
advantage. Aside from the fact that larger volumes of material must
be passed through the columns to obtain the required flow in moles of
nitric acid, two other difficulties arise. Both are concerned with rates of
reactions. In the first place, the rate of exchange becomes slow at the lower
acid concentrations, and in the sccond place, the reflux reaction between
sulfur dioxide and nitric acid occurs more rapidly and completely at the
higher acidities. As mentioned previously, species of lower oxidation states
undoubtedly serve as intermediates in the exchange of N** between the

principal species, NO and HNO; plus NO; . Although our studies are

not complete on the kinetics and mechanism of the exchange, our results
on the overall separation in small columns as a function of the acid con-
centration gives the information needed for selecting a suitable molarity
for the nitric acid.

The results of a number of experiments with a column 1.0 cm inside
diameter, and 1.5 metres long, packed with 1/16 in. glass helices are sum-
marized in Table 5. Apparently, there is a rather broad maximum in the
region from 8 to 10 M HNO;. Our results indicated that about 10 M HNO,
gave the optimum separation. This may vary with temperature, pressure,
flow rate and type of packing, depending on whether cxchange rate or
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TanLi 5

Lffect of nitric acid concentralion on overall separation at atmespheric pressure
and room (emperature

Nitric acid Flow rale QOverall
concentration mlfem3-min separation
M 0.8 1.2
G M 1.3 2.0
BM 1.3 2.3
oM 1.5 2.5
127M 1.3 1.7-2.07)

1} The overall separation was sensitive to the concentration of NO, in the NO
from the refluxer.

Glm diffusion is rate controlling. Obviously, even though « is higher for
2 M HNO,, it is not a satisfactory concentration because of the slow
exchange rate, At concentrations above 10 Af HNO, the concentration of
NQ, becomes high and since the e for its exchange with nitric acid is lower
than that for NO with nitric acid, the overall value of « for the system
is lower. Conscquently, even though the rate of exchange may be very
rapid, the overall separation decreases at high acid concentrations because
of this lower value for «. Since the concentration of the various specics
changes with temperature and presure, the optimum concentration may
vary with the operating conditions,

8. Effect of Pressure and Flow Rate

Tor the production of a high concentration of nitrogen-15 it is desirable
to operate at the highest flow rate that will give the required overall
separation in the available length of column, At high flow rates, the stage
height may become excessive, However, the higher the flowrate, theshorter
will be the time required to reach a steady state and the greater will be
the transport of enriched material in a given column,

i The results of experiments on the effect of flow rate at 1.0 and 1.9
atmospheres are given in Table 6. Examination of these results shows that

" doubling the flow rate at 1,0 atmosphere pressure has a significant elfect

on the overall scparation. At two atmospheres pressure, the reduction in
overall separation at increased flow rate was considerably less. The lower
lincar gas velocity at the higher pressures may account for the increased
operating elficiency.
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Tanue G

Iiffect of pressure and lHow rate for 10 A HINQ, at room temperature

Columa) f:: [\)\F;?t:c 1.0 Atmosphere 1.9 Atmosplheres
mijem*-min S HETP, cm 8 HETP, cm

2 LG 2.6 8.4 2.4 9.2

2 32 1.9 12.5 24 0.2

2 1.5 2.4 9.2 — —_

3 33 — — 2.7 4.1

1.6 6.2 2.8 " 5.6 3.0

10 3.0 3.6 4.0 3.9 3.7

5.0 2.4 5.8 3.1 +.5

Y Column 2: 1.0 cm L.D.; 150 em long; packing 1/16” glass helices, Column 3:
Same as 2 but repacked, Column 10: 2.5 cm LD.; 95 cm long: packing #3013
stainless steel “Melipak®, 0.050" x 0.100" x 0.100%, rectangular spiral wound
scctions, obtained from Podbiclniak Corp., Chicage, Ili.

The improved performance at the higher pressure is significant for
large scale operation because it would allow greater flow rates with a
smaller increase in the length of the column, It is also known that the
waste refluxer for the reaction of oxygen (of the air) and water with the
oxides of nitrogen would operate more efficiently at the higher pressures.
Operation at higher pressuros probably would not be justified forlaboratory
preparation of high concentrations of nitrogen-15 because of the increase
in complexity of the operation and control of the columns.

9. Effect of Temperature on Overall Separation

When the temperature of column 10 (Table 6) was decreased from 25°C
to —10°C, the overall separation decreased from about 6.2 to 4.2 for a
flow of 1.6 mlfcm®min of 10 M HNOQ,. Increasing the temperature of the
column from 25° C to 60° C also reduced the overall separation from
about 6.2 to 4.4. A second series of experiments was carried out to
determine more clesely the optimum temperature. The same column was
used but it was provided with metering pumps and fully automatic con-
trols. Care was also taken to maintain the concentration of NQ, in the
gases returning to the exchange column nearly the same as that in the gases
leaving the top of the column. The overall separations were as follows:
3.2at10°C;6.9at 25°C; 7.4 at 45°C; 6.3 at 70°C.
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Apparently therc is an optimum in the temperature between 25° C
and 50° C. This optimum temperature may depend upon the pressure,
acid concentration, flow rake, type of column packing, ctc. These depen-
dencies will probably also differ for conditions under which HETP is limi-
ted by diffusion or by exchange rate. At the higher temperatures, the con-
centration of the NO, in the gases from the refluxer has a significant effect.

An increase in temperature not only increases the concentration of NO,
in the gas phase but also reduces the value of . Thus, even though the
rate of exchange is more rapid at 70°C, the decrease in « results in a lower
overall separation. At the lower temperatures, the value of « would be
expected to be higher than at 25°C, but apparently the rate of exchange
is lower, or-the composition of the liguid phase is unfavorable,

It can be scen that the determination of the optimum conditions of
operation would involve a rather extended series of experiments on the
effect of pressure, temperature and flow rate for several acid concentrations.
However, the limited number of experiments reported here indicates that
the use of 8 M to 10 A HNO, at room temperatures and atmospheric

pressure with flow rates of the order of 1.5 to 2.0 mlfcm®min would be-

satisfactory conditions of operation.

10. Effect of Column Packing

Because a rather large number of theoretical stages are required to
increase the concentration of nitrogen-15 from 0.3G5 9% to 99.99%, it is
important to use a packing that results in a small value for the height
cquivalent to a theoretical plate (HETP). The characteristics of several
types of columns and packings are summarized in Table 7. These values
were calculated from the overall separations obtained with 10 A HNG;
and a value of 1.055 for a. The valuc of HETP decreased from 10.8 to 8.8
cm when the packing in a 1.0 em diameter column was changed from
3/32 in. to 1/16 in, diameter glass helices. Increasing the column diameter
from 1.0 to 2.3 em caused no appreeiable change in HETP. A marked de-
crease in HETP from 8.7 to 2.8 cm resulted when “Helipak” 3 3013
stainless steel wire packing (Podbiclniak, Ine., Chicago, IIl) was used
instead of 1/16 in. glass helices, The rate of dissolution of the stainless steel
packing was found to be very low in the nitric acid solutions. Plate
efficiencies for the bubble plate and bubble cap columns were 36 and 31 9%,
respectively, One difficulty with the bubble plate column was that it
aperated satisfactorily only for a relatively narrow range of flow rates.

Except for the bubble cap column, the hold-up per cc during operation
was about the same within = 209, for all of the columns listed in Table 7.
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Tavre 7

Lffect of columnu packing

HETP  Hold-up © Flow Pl:occssiug
cm mljee mlfem?-  time per
min HETP, min

Diwmeter ‘
Column and Packing
length, cm

1 1.0 x 150 34327 10.8 0.16 0.7% 2.3
alass
helices

2 1,0 x 150 17167 8.8 0.14 1.6 0.77
glass
helices

+ 2.3 x 200 ljiG*
glass
helices .

5 1.6 x 110 41 74 0.12 2.2 0.40
bubble )
plates

6 23 x 25 1 74 0.23 1.6 1.1
hubble
caps

) 2.5 % 160 #3013 3.4 0.1 1.6 To0.23
' Helipale™

10 26 % 95 #3013 2.4 0.11 1.6 0.9
“Helipal"™

4.7 0,13 1.4 0.81

These values along with the HETP values and flow rates were used to
calculate the processing time per stage. The stainless steel “Helipak™
packing was the best of the packings tried and its use would be advan-
tageous both with respect to Iength of column and time to build up the
nitrogen-15 concentration. '

11. Effect of Losses from the Product Refluxer

The significance of losses from the product refluxer has been mentioned
previously. The magnitude of the losses resulting from incomplete con-
version of nitric and nitrous acid could readily be determined by analyzing
the eMuent sulfuric acid. Aluminium or Devarda’s alloy was used with
sodium hydroxide solution in a modified Kjeldahl apparatus to reduce
the nitrate and nitrite to ammonia for a colorimetric: determination with
Nessler's reagent. Before sturting the reduction, it was found nccessary
to oxidize the sulfur dioxide and sulfurous acid with potassium penmanga-
nate to obtain reproducible results. A total of ten samples from three
different columns were analyzed, giving an average of 8.3 micrograms
of HNQ, per ml of effluent sulfuric acid. :

CH. TI0 PREPARATION OF HIGHLY ENRICHUED NITROGEN-IS 169

Most of the product refluxers used in our experiments required the
addition of water at a rate of about 15 to 25 %, of the flow of nitric acid.
This depended, among other things, on the diameter and length of the
refluxer, the extent of cooling, total flow rate, etc. By means of a spectro-

. photometer, the concentration of NO; in the gas returning to the column

was determined and it could readily be adjusted to the proper value by
varying the flow of auxiliary water to the product refluxer. Under the
usual operating conditions with 10 Af HNOQ,, about 1.3 to 1.6 ml of 8.5
to 9.5 M H,S0, was obtained per ml of nitric acid fed to the column.
Conscquently, the loss of nitric acid in the sulfuric acid was about 19
parts per million of the nitric acid flow from the exchange column into the
tefluxer. This is sufficiently low for production of high concentration
nitrogen-15, especially in a two or three section cascade as will be shown
in a later section.

Besides the losses referred to above, the production in the refluxer of
a non-cxchangeable gas such as N, or N,O would constitute a loss of
enriched material. Analysis of the waste stream for traces of such gases
was not undertaken. What is known of the chemistry of the reflux reaction
did not indicate the formation of significant quantitics af these gases. 1f
excessive losses from any source occur in the refluxer, it would become
cvident in attempts to produce highly enriched material. Not only would
the time to reach a steady state be excessively long, but it would not be
possible to withdraw cnriched material at the calenlated transport rate
for the system,

12, Cascade for Preparation of Highly Concentrated Nitrogen-15

The information obtained from the experiments on short colummns
cnabled us to design a two scction cascade system for preparation of
highly enriched nitrogen-15. A general'description of the system has been
given previously®) so that only a brief review of its general features will
be given here.

A block diagram illustrating the system is shown in Fig. 2. The exchange
column in section I was 2 pyrex glass tube 2.5 cm inside diameter and
5.2 meters long. It was packed with stainless steel ‘“Helipak” 3 3013 and
provided with a product refluxer as illustrated in Fig. 3. The column for
section II was 0.9 em inside diameter and 550 cm long, but was packed
with a smaller size stainless steel packing, “Helipak' # 3012, Since the
flow is smaller in this section, a smaller product refluxer could be used.
Tt was similar to that illustrated in Fig. 1 but 4.1 ¢m in diameter and 130
cm long packed with 3/32 in. glass helices. The optical cell was also placed
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nearer the top of the refluxer to reduce the hald-up of enriched material.

Initially the first exchange column was completely flooded with 10 A

HNO, and then allowed to drain with the flow adjusted to the operating
— Ko : '

&

wo

Fig. 2. Schematic diagram of a two section cascade for preparation of highly enriched
nitrogen-15.

rate of 15 mlfmin. Sulfur-dioxide was passed into the lower end of the
refluxer at the rate required to maintain the boundary at the level of the
photometer cell. This flow was reduced by about 109, and a needle
valve in scries with the solenoid valve was then opened to increase this
flow by about 209%. Thus, during automatic operation, the photoelectric
relay opened and closed the solenoid valve causing the reaction zone {o

CH. 10 PREPARATION OF HIGHLY ENRICIIED NITROGEN-I5 I7T

rise and fall slowly with a median position at the photometer cell. A small
flow of water, 15 to 259% of the nitric acid flow, was run in at the top
of the product refluxer to maintain the appropriate ratio of NO, to NO
in the gas stream returning to the exchange column.

Fig. 3. Product refluxer for the first section of the cascade.

Aliter three days of operation when the concentration of nitrogen-15
had’ increased to 6.75%, the swinging funnel was operated with a cycle
timer to divert about 4%, of the liquid flow to a microbellows pump, This
pump transferred the partially enriched material to the top of the smaller
column. The sulfur dioxide flow to the product refluxer for this column
was adjusted in the same way, as described for the first section. A gas
return line allowed the oxides of nitrogen from the small column to return
to the bottom of the larger column. No enriched product except the gas
samples needed for isotope analysis was withdrawn during the next cleven
days of operation.
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TFig. 4 shows the progress of the separation with time. The lower curve
gives the concentration of nitrogen-15 at the bottom of section I and the
upper one refers to the concentration of nitrogen-15 obtained from section
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Fig. 4. Concentiration of nilrogen-15 in gas samples taken during the operation of !
the two seclion cascade. The points connected by the dotled ling show the con-

centralion of nitrogen-15 in the liquid products withdrawn from the system as listed
: in Table 8,

TABLE B

Highly concentrated nitrogen-15 withdrawn from the two-section cascile

Volume of
Product Period gas or ol g of N1 o N
h ~ O M HNO,
Py gas g1 20 90 ce-atm " 0.06 99.4
P, gas ##£2 23 207 cc-atm 0.13 99.4
lig. #1 — 0.3 ml 0.04 -
P, liq. #£2 23 1.8 ml 0.24 *09.7
liq. #3 48 3.7 ml 0.50 99.8
N 4 44 3.7 ml 0.50 99.9
P, liq. #5 44 7.4 ml 0.99 99.8
P, liq. #£6 24 7.6 ml 1.02 95.7
liq. #7 26 8.1 m! 1.09 99.5
liqq. 38 22.5 7.5 ml 0.99 97.5+
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II. After a total time of fourteen days, a concentration of 99.89, was
attained and product was withdrawn as indicated on Fig. 4 and tabulated
in Table 8. The large irrcgularity in the upper curve after seven and ning
days resulted primarily from difficultics in pumping.

Some of Lhe variations in the nitrogen-15 abundance indicated on the
curve after steady state hiad been veached were traced to o memory effect
in the equipment used to convert the gas samples to nitrogen for mass
spectrometer analysis. This conversion was accomplished by passing the
oxides of nitrogen through a mixture of copper oxide and reduced copper
oxicle wire at 700 to 750°C. During the operation of the columing the same
reduction system was used for both high and low concentrations of
nitrogen-15. Subsequent analyses of the liquid products in equipment used
for high concentrations only, confirmed the memory effect. ’

The following procedure was used to analyze the liquid samples, the
results of which are summarized in Table 8. The nitric acid in the samples
was [irst reduced to nitric oxide by reaction with mercury and sulfuric
acid as described by Friedel of al.¥¥). This nitric oxide was then passed
through a quartz tube containing the heated copper-copper oxide mixture
followed by a small U-tube trap immersed in liquid nitrogen. The copper
reduced the nitric oxide to nitrogen and the cupric oxide served to oxidize
traces of carbon monoxide in the sample to carbon dioxide, Any carbon
dioxide formed as well as traces of unreduced nitric oxide were removed
by condensation in the trap.

A mass spectrometer record of the nitrogen obtained from liquid pro-
duct P3-34 is shown in Fig. 5 along with a record of the background
peaks and a spectrum of tank nitrogen. The mass spectrum of tank nitrogen
shows the height of the 29 pealk (N N5} corresponding to 0.365%
nitrogen-15 in ordinary nitrogen._] Comparison of the 28 peak in the
background spectrum with the 28 peak in the sample indicates that the
sample containg no significant quantity of N, molecules. Visual examina-
tion of the records shows that the height of the 29 peak (N N%) in the
enriched sample is about one quarter of the height of the 29 peak rom
the same pressure of tank nitrogen. Thus, the percent of nitrogen-14
in our sample is about onc quarter of the percent of nitrogen-15 in ordinary
nitrogen or about 0.1%. That is, the product is 99,99, nitrogen-15. More
precise calculations show it to be 99.91 41- 0.029%,.

A total of about 5.5 g of nitrogen-15 was withdrawn during a period
of 11,5 days corresponding to an average of about 0.48 grams per day.
The maximum transport calculated for a feed rate of 15 ml per min of
i0 M HNO, and a value of « of 1.055 is 0.62 g of nitrogen-15 per day.
The actual transport should be somewhat less than this, perhaps by about
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209, because the maximum transport is obtained only in a system with
an infinite number of stages. On this basis, the expected transport would
be about 0.50 g of nitrogen-15 per day rather than the 0.48 g per day
found.

|
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Fig. 5. Mass spectrometer record of the highly enriched nitrogen-15 obtained from
the two scction cascade.

The above comparison of the experimental with the expected transport
shows that losses in the product refluxer from all possible sources arcnol
large. It was already known from the experiments quoted in a previous
section that the losses of nitric acid in the subfuric acid would not be
serious. For example, a loss of 19 parts per million of the nitric acid flow
in our two scction cascade would amount to a loss of about 1.09%, based
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on a transport of 0.48 g of nitrogen-15 per day. If a single long column had
been uscd, the percentage loss would have been 12.8% for the same
transport. Although even this is not large, a single long column would be
impractical because of the long time required to reach a steady state.

13. Application to Large Scale Production

The low thermal ncutron absorption cross scction of nitrogen-15
(2.4 % 10-% barns) as compared to orcdinary nitrogen (1.8 barns) may
make highly enriched nitrogen-15 of interest for nuclear reactor applica-
tions. Although considerable engincering development would be required,
the method described here apparenily possesses most of the requirements
of a practical chemical exchange system: a reasonably large single stage
enrichment factor, a reasonably rapid exchange rate, a means of multi-
plying the single stage effect with sufficiently high throughput and low
hold-up, and relatively simple systems for providing reflux at both ends
of the exchange column which use inexpensive chemicals and produce
marketable by-products.
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Discussions

Name of lecturcr: T, 1. Tavior and W, SmnprL
Name of guestioner: E, GLUECKAUF .

Question: How is the overall cquilibrium aflected by the presence of NO, in the
system? ’

Answer by Tayloer: The NO, in the system is important in the kinctics of the
exchange because at low nitric acid concentrations the rate is rather low and at these
low concenirations the concentration of NO, in the gas phase is low, At higher acid
concentrations, say 12 molar, the NO, concentration increases rather markedly nnd
the single stage separation factor also decreases.

Name of lecturer: T. I, Tavror and W, SriNpEL
Name of questioner? G. A, GARRETT

Comment: Dr. Taylor mentioned the advantages of using 10 molar nitric acid
and alse using 50, from sulphur buracd in Q, rather than in air. In our cost
cstimates wo penalized the use of 7 molar nitric acid for the cost of concentrating the
resulting sulfuric acid, and also attempted to make adequate cost penalties for the
excess nitrogen in the SO, obkained from burning 50, in ar,

Name of lesturer: T, 1. Tavior and W. SpiNpEL

Remarh of I, Clusius: Just when Dr. Taylor's first paper appeared Mr, Vecchi and
1 were carrying out some experiments on equilibria where nitrosylsulphuric acid was
involved. We found exchange factors as high as 1.10.
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Name of lectrer: I, 1, Tavior and W, SeiNoiL
Name of questioner: ]. BIGRLEISEN

Question: 1 would like to ask Prof. Clusius about Lhe experiment he menlioned
on nilrosyl sulphuric acid.

Answer by . Clusius: \We Look a concentrated solution of labelled sodium nilrite
and added sulphuric acid diluted with water 1:1, Altor shaking the mixture for a
cortain time abont hall the amount of the present nitrogen was removed as nitric
oxide il analyzed with Lhe rest of the nitragen in the liquid phase. This gave the
said factor 1,10,

Name of lecturer: I, 1, Tavion and W, SmixniL
Name of questioner:I'. 1¥. Jouns

Question: 1 tas e, Taylor done anly one experiment at temperatures above room
temperature?

Ausiwer; Yes, o series of experiments for only one acid concentration and onc
Naw rate.

.

Jahns: We have done some similar experiments at Harwell {and I mult say at
this point that we have found this & most attractive process} and we got appreciably
helter separations at about 60° C. Presumably this is becanse the cxchange rate is
increased.

Name af Ieeturer: T, 1. Tavior and W, SMeniL

Nawe of questioner: H. Loxnox

Remark:: The improvement of the process with increasing temperaturce secms to’

indicate that in the particular contacting system used the rate determining process
is Lhe diffusion in the liquid phase. This is understandable because in a solution
the mass diffusion of the solule is smaller than in a pure liquid. It will be worth
while in an industrial plant based on this process to use a type of column in which
(he mixing in the liquid phase is good.
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