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Basic Characteristics of Heat-Exchanger Type Steam Reformer

Heated by High Temperature Helium Gas (1)

- Analysis by Simulation Model (1) -

Kunito OKUYAMA, Naoki IZAWA and Hiroaki SHIMOMURA

Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

{ Received May 26, 1986 )

A computer simulation model has been developed to analyze the basic
characteristics of heat-exchanger type steam-methane reformer which is
the key component to produce hydrogen using the nuclear process heat
from high temperature gas cooled reactor, This model is based on the
one-dimensional one taking account of heat transfer and reaction kinetics,

This report describes the analytical model, the solution procedure
and the calculation results on gas temperatures, reaction rates, chemical

equilibrium attainments and heat flux along reformer tube,

Keywords: HTGR, Nuclear Process Heat, Steam Reformer, Heat-Exchanger
Type, Simulation Model, Heat Transfer, Reaction Kinetics,

Chemical Equilibrium Attainment, Numerical Solutiomn
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1. #&

T

ZHHSET AFOBEBREFRE LT, A4 ¥ (CHy) DRELNHE (steam reforming )
ICEBKRHEENELLAALED 1 2-ELohT0d, KEQNEE, RKEF2 (90%L 1
A5y RF T4 (CaHaan @ n=6~7) EOBERMKESE Ni FMETLOZETK
AJERLSE, KEAT2 (RFEBILKFOREAR) #HENT L2770 ThHb, TOK
BEF LB o), TEMCEAEBURRS KE -3 5, BE ShosiEck 5K
ARIJINHEBERNIC OV TH, BT ECh @& EERBIESSRELTRIVAEL S L IE
- T b, KEKMHDRE & ERDKEJWEREMIC>0TE, £OHBIEEEERD Appendix
R,

SimA AR IR SN B KAKKERIE, EROMAFIAERTHHS L zomMBAFRIcBL
TEUE-TV D, THbE, ERCIMASRAESKESTE, WERISKBHESBIFEER T
KEPoDRH (80%) EERBRARPODNM (20%) TL-THEHBINTHE, Zhic
WL, BRASRFOKBERAL L KERKER TR, TOMAEHSSE (S 900°C), BE
(40kg.ecfg) W 2IRAN T AN ATH A0, MEOKFEIRKZEHORKICEEOANEZS
BANYSLAH AT ok AA R LIRHEICHNDS V2 ibe F 2 — THBGEREBEOBELELT
BO, WEICHELTRTEMICE - THEBESIH S,

BEANY 9 A FAMMICE 2 AT HERER ARIRESCO VTR, BEEEETEHMKROK
B7ode7 b [EEEXT AR B LS EESGERITOI AR K0 TERT 7 v P PE
‘ENTF7 +EEEL LEBS b, RS THEEST o2 AN 20 ADHEKREZE
LE#CHEHABN, F 70+ 2 AR ADKELLHOHHUAE~N] 2 B4 vics
WTESRF AL LSOO 7oA b — FRAHGE, PNP -Project (prototype Plant
Nuclear Process Heat ) ®—H& LT, FAROKHEN 24k (hydrogasification) * 7o
2 ST B KR DRUE, £ BT A F - OEIEE#% T E, NFE-Project (Nuclear
Long Distance Energy ) @ —R & LT, KEATRDORED L OHTREY KEINEZD
FEFHFELTORTH Y 78 g v 2 RHE LRERT S ¥ M ESHRERSHE S LT
604),8:

Tk%ﬁﬁiﬁé’%@%ﬁiiEéﬁ'éﬁiﬂﬁﬁﬁ%ii, Tk CMBGF R KERRANEHFIC 20T ORBL
et @ﬁf%#%ﬁtﬂ?’t&’)iiﬁbﬂ, Oblad {1967), Grover (1970), Hyman (1968),
Singh and Saraf (1979}, Davies and Lihou (1971), Demicheli & (1983) it &~
T 2o FANBHRBINI,

%9, Oblad ®' Grover ' i, BMz#&USHEEERLIA ¥ VO KEIHEABOHE

¥ IROBRBEIGICL-TELEND.
C+2H; — CH,
v BRI ROARERGER ET 5.
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EFNM DT T, A 7y DKERHERIGCHE T 5 L5845 FRI4 503, (1),(2),03),
WD ARD S HLLFND» 2 ROPETH ] T RO DR EQIRORIGCESO TEF ML L
7o '

CHs; + H.0 Z CO + 3H. (1)
CO + H,0 Z CO0: + H, (2)
CHy + 2H,0 Z CO: + 4H, (3
CO: + CHy Z 2CO0 + 2H. (4)

AEVEREBEETEES XLIKGBATELINEH-FH (carbon formation) KGNS
BUBH COBIEETDEL, BEOTEFOBGESHTRERNT 2 crs]00"

2CO0 2 COp + C {5}

ELEESE, AP VORERDOTCIRDF —F—TEb e EREEREREE L, REHRK
IGEARAOHRADFENE L IRITHE (plug flow) ERELI. BRI SNMo» b7 5B HS
HEREIO—HMBBO NI

Hyman' 8 E#O =7 A 5BR LAY, W 2hDANRUE-TWE, 25 Y ORR
{demethanation ) RKIG&E L TiiliFoRKbhic3iXpH0oh, chER2IRDRIBEE TN
DHEBELTHE, RIBEEAE LTE, 1ROFEACHKO O CHEEFAN] (Jaw of mass
action ) HOBHINAEREBO TV D, Tu2 F2ROFENIRIKRCEL, BEAEEA
TOEEEAEZEBL TV 2, FRBREN 200 RIEE~OLEAE KT 52 b T ITENAE
MREOHAB 707« —VE SRATHEATV S, $LTOTFATR, BFEICAY YEbhE
WIRILKENES TN T AEETHRIEEANTEIRD 7 7 v+~ 7 (hydrocracking JRIGIC
FVIRTAY VEERSHBEE L TANKBRRELFARST L LCLVFRT A EHFTE D,
BRI 77 v b T LLO—FBH LN,

C.H,..p + (n-1)H; > nCHs (6)

Singh and Saraf'?’i3. side—fired MBFRIKERKEBICOVT/N—F — b 5UGE
~DEBAE L ERL e F AR L, EEERE L TR E2)NEEE E Lo 1 IEE
KAWL, Yo AFROFNELKRITHEE LTRbbi, A4 v X DEVEERLKSR
DN TRITNADRIGIE LD T RTAy vREHINZELTERDN, A5 Y, 779 ZFHE
TERIL-FHA DT TV T —F EEO—FDH LRI,

3CH,,+ (2-y)H:0 = (1+y)CH + (2-y) CO (7)

Davies and Lihou *' i3, SHO/ )~ 7&B T THAINARIEEDEELIGHICL D
FEABEMELEIHLEZD 100000 & TA2L5HNBRBRRENREASZ, RIBEMHE,

¥ EHREEE BRI 2RARATLEREUVY, RESEER S BERED 2 RERSHHS

\EHELILE,

I EOERRKEAER T AEE, & SIKRORIGIK L5 58— & v ifthais 2 5P
anmanc+%1H,
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ERUBEEHEORALETTVERAG TIT -, HIGRT A9 ICOMEIREIET 2 L &4,
T RAHZADFENE IRLE L THRON, TEERBCT Y 22788 M A 28ETL00

2IRHEFDEFAALLITDA, 2 RKEIREE 1200°C IR 5 71213 1 RECES o
DEFEH 780°C TR SARQEHSHVEO - XET -4 LKL ERMECN I,

Demicheli 5™ 13, KIEED 7 ) - 7HEAL 702 2D ERAEE, SOWE FHOH
FIZ2LTEFVERO TAN, FHEEROFRHBOBLERHO TR LERIED i £
5% bDRERQEOODELES DL EDEF~KEUEEBLEL /LD, B-TFROERKNERY
3B EERLT

—F, BZHRERKASWHES ORI 2MITNARE, D0 RBER&E: EERE4%
R B7iCiTh i, B5EED Yagi . '®) Murray and Snyder, "1 %7 @it 4
Miyasugi B pESE L P E - THNORT,

Yagi ' i3, BEAREL LOERAN) T AN RICK > TIRSH L KESHEE (74
AZEEIE LTWE) K20 T, RIBENTEED 840 OED B R R O EGHHGKE A
DB 2 oA E E Fv (oL, AR 1R E LTV 3) AEL, 2:MIeETOH L
WIRITF R LT, Sl T ORE A RO MRS, BESHEEEL R T
17

Murray and Snyder'$? 17013 #OEEith v 2 7 4 DBEIREERL LTOA » v KESHE
D EE U B E L, e OEAIR, HERERICHIETE 55 R F A ER L
Too FORR EBRF -4 EL0—ENEONIH, FEBHANOMERBEIEROBERLD 2
EHDEWEICS CEAREN, THREERIGOHFETIBRICL 2 b0 EEEINI,

L LAns, ZASROBFTE, HBETHRICLEPLHES, BRELTRSNATVS
DREICH S BESHPHROCET 2702 N ZARE, 7o e2F2AHRET7 v bOFT -4
LHETEABFIHKRONTY S LIt BRI &/DE, ABEHECHELER TS DK 53151
HWAREATVL ALV ALY, EIROEEICMA T, SESHRINEICH 2 BEAN SRS
RIGEH IS L BRED T 3 RIGETEPEEREY, MEEHL LD 7 4 — 55
AZHMBEOVTODEEE S LERPLELEZON S,

AP TR, SETFAFLOSOEHREAT T LATRIC L > TMAI L2 RMBAHEBFI 2 & K
ELWERORAHEFPOLICTEICEFHANE LTS, BHEX S v L3 50F, F74
HOSHMREKFREEEE U LBESICAEUARBBEALNMNETD 7 5 & ¥ V@RS, Kk
BINRKEROLOEERETEDING L L, ELT20F—OHWEEAE LTRE X%
Ao ABESFEERGREIA Y v EUL S, SorRBHCEOTHAEDOEAEEIT L 5KE
BEETHBECIS D1 7oA ELTAY VERE LT S XKETABLEFEENTVLE LT
L, BEBM AT AT ZBEAKEREDCL DD KEQANESIKATNAEZREEL T
BLERERESOTL S,

ATHR, 1Ry alb—Ya ¥y EFVCEABREITY, RISEIHR S HARE RIDE
B, EEERE, BREOSATH L SHERRIGERROBREC OV THALBRII D0 TR
Hd D,
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2. FFE = 7

B BRRKAGWESCE, 2E8FER, o 7 UEAEER ATLE SR04
&“Ny7wﬁﬁz§ﬁm«UﬁAﬁzmwﬁﬂ%ﬁﬁ?5tbmwy7wﬁmbﬁwént
A, AL EDEARE 7o e A2 HOMOEHEENORE 4GB E L IMOM7 o+
AFALE» TAOQRIZ7 02 AHRENMMMT L ETYRF LDBESE LFEHKTH B,
CTRRBBMIERTH S 2 EFARTHBBYABRINEERLEL 5,

M1 ERicEARZRT, 7o AHR (17 v EKBROBESHRA) J, EoFEINL
RIbE (RE) CEMEI DAL, BUNCE » TREL-BIEREFSERL LN OLGEHE D EH
T B, MBATATHELE~Y D LA 2L, AELAEOMOBTRBACARL DEAL, 7otz
HAERHRECFENLBHORGELZN LTI o v AT RICEEREBL 7278, AL 0 FEBE 2,
LIt - T TR RAHTREAN) GLAFADRE T 7 - VdE1 TROL H 1L 5,

21 & E

EFNDERREE LTI,

(1) AERBAOME, K& RERANAR (R1 Tz HH) OH0MKE L, R ARDH

FEFBLLN (~KTET L) .

(2) RMEBANTOEMRERELL L,

(3) NV I ATABPLT 2R T ANDBREARERI LI LT ~FLT 5,
AEATE, Yo AN AORNEFHEINZMED - HICERE (plug flow) KW EE
605, —F WREPHEIZEOAMPOMAIN TV ALDIERANCHHERT HET
THHH, Beskov1® Yagi % o M 5 Bz LAUT, AR 51N OB S IS8 SR AT N
BIEONE S, ERBEFHETRL THAREO BN & T 2 B BBNNE RO R AT
BICEOAHE U ERBVEEASNECE, $EERO LML LL D EESEESEE LU
TELSEIRELNE L TNDRESETT - .

MEEANOERER 2 ~3kg om’ BETHS & Fillan s Lo LEABEREEOX
R EDTHEBIEC L T HENT Do 7270 LR HZADEND 10kg /om? Bl ETHNL,
RGBS 4 5 EFHE% O R LI/ S0 & EZDKE 51T - 12,

AN LT RAPLT O 2T ANOBERMRERE, o2 M2 FEEABGER RIEEA
BEMER U YA LR BMEZRD 3D ESVTHERS N, TNAMKRSLEC LK
ERZERURSIR TRDENS,

D, 1 D;1n (D, Dy 1
+ +

1
U D, hy 2 2 e hp
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e,
o . W
hyge U TLHARBRESR (——)
m° « K
. o = ——c L W

hp | 70X HRBBEEE (W)
L RIEEAE (m)
o RIBEAE (m)

A RS EAER (0
tube s m* K

KEGWHESDHS, 7oA A QAGERIFEEDREBANAMMGEHMRAC L5HLD &b
WORELIEE (L3 ~28) T EDMivasugt 5,0 Murray 57 itk » THESH T 3,
BoB a2 RARGCARSNIPREEZ Y, COPRSERMKCEDTL20EELAD &
CARETH B, EROFTEBAGEEER P T2 crhid XEBRAODSLHEOTITO 7o
CAHADEE LRICED 7o X FRAHBIZEREIEARTH 20 B REBMT 24, Lhok
ARG LR EEA G DY, FEFCRBIOKTEE B0 S BEMEER L LT Myasugi
51 OHEHE (RRICHEATEE 2D ER L,

2.2 {L2RIG

EEFALTIRIRDEF RGN EE 5
o ikl —#A% VOSSR

{x)

CHs + HO =2 CO + 3H: (1)
o KIGZ —v7 bREIG
(y)
CO -+ H:0O - COs + H, (2)

BUSRI@ A % v 1 Tadkizbh, (VRORIGIK L - THRET LAY YOFUEx, (2RO

- TEETHCO DELrHEy L3528, RICECEKDODEVHEIE 1O Y icEkbahb,
COT, Se WAF— iRy %, T 1y, 1, & ZheEnRBHKEIhT

cog

WH5CO, He COp @AY 1 Ehilohderiiribd,

2.3 RiEEER

LG, 2IXORIGEERE LTEEFTATRHIROERE AW 5,
o RIG120T

Poo * Ppy
r]:kl(ch‘l___‘—z““_) (9)
Keq, * P,0
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o Fih2iItonT

Pog,* Pu,

£q2g * sz O

Ty :kz (pGO_ P (10}

A,k ERIGEEFERTSHD, Arrhenius OR (1) Rt k- TEDbIN 5B,

at

RT

ki =a;exp (- ) i=1,2 {1

Z LT,
1. BGEE (kmol (kg (catal) »s))
a s RR TR R OIS k17 A8ERT  (kmol /(s = kg{catal.) »atm))
E,, (#WEREOEHAEZ 2vF—- (] mol)
R I —&EM&EHR (8317 (] (mol *K))
p L) B esE (atm)
K. : FoEHR (REORK)
T o stRE (KD
FHEHK ,, BROTFIRICL 7285 > TEHETS T E45TE 5,2
BEEE A RE (latm) , BETICEVT, FHERK LEBEHHT 3L ¥-2{L4Gy &
ORI RAOBAEM R T 5,

4G5,
RT

) (12>

K, (T) =exp (-

C T, PHEEKK, 3 ERAY—-RICA) ATRkbENBL$TLLE BRODDHEp,
ZRAOTUY) ATROTLEHTE B

aA +bB = ¢C + dD (13)
pi e pl

K, =t (14)
Py Pp

SEp; 2EPRENTHERESN (latm) TH- RETOBEERAT 5.
4G BE—OREC B B EEEREBRT F ¥ — 4G, L ORAIC L - THETE 2,

4Gy ={(c/a) 4G+ (d/a) 4GTy, — 4GF, — (ba) 4Giy (15)

F2RT AG] OREME (15 RKRATREIED, latm, 2982KiCHH 5 4Gy,
wEtEsn, chE (2) RicRAT S & Latm, 2982K 60 3 PHEKK,,, , PREHTE

o
FHEH K, BBECHEKTHY, van't Hoff O EETHNX 6 XbSHEBOREK B

5 K OBk 55,
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d 4Hy

dT <InKeq):RT2 (16)

BUBB AH R BEOBMTH O, EATEHM ¢ MEEOMIE LTHEDb SN & X ADR
DEHICERBETE S,

Ty
Mg (Te) =4 (Ty ) + f dcdT (17
1

CTTAe, BFRATHRD SN,

ch= (c/a) yo+ (d/a) cyp —cha = (b/a) ¢ (18

BIEAO BB ¢ | DITRT LS GIREO 2 KEEIC L > TEEITE & 8, (1) R
O XD LHickbahb,

chi=a, + 8 T+7 T (19)

T
A, (Ty Y= AH (Ty) + , (dat 48T+ 47T?) dT
Ty

|
= dHg (Ty) Hda(Ty T+ 4B (T =T1)

+%Ar (T:-T1) (20)
fofZ L, _
da=(c a) agt+d a) ay—a, — (b 2a) ay (20.a)
48= (c/a) Ec+ (da) Bp— 8,— b a) By (20b )
dr= (c./a) 7o+ W) rp—1,~ (bra) ry (20.¢ )
a., By, rOEIRZCINTRENS, Q20 REKHVTT #2908 2K i B E, MHe(T)

1 1

B, R2IKRSOAHFELRE JH 5 (21) XA THE T2 8EER JHy wii4 L,
HBEDRETIK B 2HIGEIH, (T) 1 (22) K TEDENE,

dHy = (¢ a) dH{g + (d ) dH] — 4H], — (b a) 4HY, 21
AH (T) =dH_+deaT+ (48/72) T*+(4773) T® (22)

LT,
AH, = 4Hy - 4«+{2982) - (4872 -(2982) — (47./3-(298.2)* (22a)

(22) X% (16) MicALTT=2082K ~TKI £ TEST L&,
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q

Ke
Yy +daln

Rln ———= 4H,
Keq(298.2) T 298.2 2982

48 . ar
+—2— (T- 2982) +?{ T2 - (298.2)" } (23)

(23) AL VRE TTOEMEEHK Ko, DMEMEHTS 3,

X2 IREIC LB K,y UGB 1) . K, (K5 2) oFbERe,

FOSEBCERE, BRI REL RO S CEPRETHY. kD SERRDOEMRTH 5
Arrhenius @R (1) ;ICE DOV TERMICERK a,, E_ #KRHE Hikoi & STV 328,20
XHRICR S HTO B0 OhORIGHER (K6 1 K13 5 60) D55, (91022 hick
BEBOAOSNTOE ™2 v, BESOABEE @, B,) FbEcitBEh
HAUCHEEEER K, ZRECHLTRI KR k, DERBFTORKXILEFICHETLEEEDS
PBEOE ST B, £ TidAkers and Camp ' itk % {a;, E ) DfEEZHV5T &K
T 5,

24 FNBEOERAGEN

(1) BERFEX
48 _ feTs (24)
dz G
LT &, I 2EEHLONT OMGEAE (kmol kg )
o, . REFEEE (kg (catal) /m?®)
G HhdoLEREE (kg (m?s))
§ . &x,y (Gl (1) (2)F) L OMBRERATERbENS,
E] :i (25)
Mt
Mt
LT,
M, =Mgy, FSec v My, ot go* Mgtly, * My, +1gg, *Mag, (27
M, ERSOS TR (kg/kmol )
(i) =z vF—FRER
dT
Helium Gas fil1 27Rq + WC,— =0 (28)
dT
Process Gas @l -—27R-q+wc, f L =aR%*eS (29
A
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FA L, q =U (T~ Tp) (30)
T T,

q L RIBEAEY ST~ YL ARAR ST oA HAMANMED S BRT

(W./m?)
Ww:~)TaHR FoeAAZA0ESHRE (kg s)
Cooi NUDLAR, FEeAN R DR HE(— )
kg * K
TueTp: VT LH R, TawXH2ORE (K)
R I RIEEANE (m) ]
S, . HfUERR, BAAENCh OEIC LS AR (&ﬂﬂiﬁ&fié)(mas )
e W
U EEEER )
m*“ K
RIGIKEZ AT A VF-—DERBTHD S BFRATROENS,
2
S.= & p.er,c dHyg; (3D
i=1
TeT, dHy, KBS BERER) ( ! )
kmol
2.5 mARGEHEEE
(i JHEHE
2=0T T, =Tp,, ' (32)
2=0T ¥ =0 (33)
72=0T y =0 (34)
z=L7T TI—Ie=THein (35)
(i) EiEm

4 mpddd a2, <z <z +425FZ 5, CORMWNTr @&, LiH-T5,
R -EEANTCENTESET D, RIACERTOM, . vi . Tye,  Tp, BHMET S
LR (0 Rebr A (D Xb S S, HEE B, XEOESD 57 Bicih- T (EE
Fnk (24) 3%, (28)H+(29) KiFehehl o TESTET36) X, 31 A
AP

§, = L+é, (363

LT,
z= 1z, TOE, DfHE
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WC (T8 = Ty ) +we (Tp&i-Tp ) =aR¥« LS 37
(30) X% (28) AKRATBE, T T KE-TE8) XD LH kb EN B,

WC dThe
To = T. -+ LA 38
PootHe 9arU  d¢ (38)

(38) X% GDRIRATHE, T AMESAT, (39) ROL ST, KM 5 KM 5
HERRSEG O Bo

d Ty, B
—— +tATp~=B+ C+C (39)
d¢
Z LT,
1 1
A=2rRU ( + ) {39a)
WCp wce,
2zR U
B="""—-: HR2°SC (39h)
WCDWCD
T T
C=2aRU (—22 4 P, (38.¢)
wCe, WCp

(39) ABMIFTCEA TEC T )4 (U0 Ko LS ikFEy, thzrx (37) AN (38)
RITRAT B & TplssRkeE - T (41) &M 2,

B -AC B B-AC
ThelCl = (The, +T) exp (—A+ L) +TD; -0 N (40)
we, We,
2zRU 27RU

(36) X, (403 3, U RTC =4z LB Litkd, REDHETOMER:, y2, The,.
Tp, KE S,

Elo B Lz, e=01B0 5Ty, #RELT —#Hz=L FTHE, Ty, (2
=L) & Ty $RB LT Ty (2= 0) B TT 3, COBRMELEETCEICLD, BHKH
NP EOoNS, 18 RH{ETALAROYMPNRKEAOKNET 4z 2ZHFHBICFEL S & -1,
EoiEdz (3, L4000 <4z L7500 D& THBERIT-ohidz DRKR&2 Xk 5H
ARRERBEEDH NI - i,
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# 1 KEIWECHOERS A2 D ELE
Components CHp Hp0 co Hp €Oy
Moles per
nole Ca4 fed 1-x Scr-x-y | Icotx-y | Iyp+3x+y | Icpzty

Wet total moles per mole CHy fed

1+Scr+Ico+Ips+Icoe+2X

Dry total moles per mole CHyq fed

]+Ico+IH2+ICO2+3X+Y

CHy + HpO == CO + 3Hp
00 + Hp0 =L= COp + Hy

%9 SRkOT U, EEEREHT R - RO

ﬂo]ar specific heat fizzngzgggy ﬁzzgdzzd
Gas cp*= a+BxT+yxT2(J/mol1+K) | of fzggation forgagion

a 8x103 yx106 (J/mg1) (J/mg])
CHg 14.1746 75.496 | -17.981 ~-50840 ~-74850
Ho0 30. 355 9.615 1,184 -228593 -241826
co 26.861 6.966 -0.820 -137160 -110540
Ho 29.066 | -0.8364 2.012 0 0
€02 25.999 | 43.497 | -14.832 -394405 ~393522
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Reformed Gas

Tube Sheet
Isclation Helium Gas (H,.CO.COZ)
P .
0 rozesz 5 Reformer Tube Catalyst Bed | 2
At (O e 1 ] /
o foo OGOC;:CPODU%DDED:{'{U:O T_Zozozc' Pot*’oo(i)gé * IDOI' ' g{'gﬂoﬂDﬂDOoOoOo0DDDOOOOOOOODODUOOQG000DOOOODODOODCPIJQDDODOOOODOOODGOoﬂgrn!z QDQDQDO{O_%—D: O‘ !, —_:
;Douooocooouooonocooooo%%nouocooououooocFnci!l?o))aa?cf * g%ouoaonnooonoonDncnononooccogccoonouc;) ooooooc:,ouoano%g,oaoc?n%onno%oo%ooo; ﬂ ! Hg -
He L THein(800"
Helium Gas side . —e—————"= ‘%/ Hein( E)
Temperature ‘ Toout(~800°C)
I
THe out Frocess Gas Side ’
Tpin " ’
(500T)Q L z
Distance along Reformer Tube (~10m)

Keq&

egl?

Equilibrium Constant K

K1 2 EERASRENAESKLEROE T

Keq[
CH4+H0 == CO+3H;
Ke
CO +H,0 == CO,+H, 1

1
498

| 1 1 I
51514 640 /64 808 340

Temperature (°C)

Kz F % & &



Reaction Rate Constant

)

kmol
s.-kg(catal).atm

(

1

K
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ie1%]%

5
18
Freguency Activation
M~ Factor aj Energy £41 -
3 Line kmo'l J Workers Ref. No.
18 + sekg(catal.)-atm kmo | ) -
1 3.53x10-2 3.67x107 | Akers and Camp (25)
B 2 278 : 13.0 x107 | Bodrov et al. (263, (27} .
1 3 1694 8,12x107 | Bodrov et al. (26).(27)
10 1 3 2,89 8.37x107 | Allen et al. (28) -
5 6083 10.9 x107 | Rostrup-Nielsen | (29)
— & 123 8.37x107 | Restrup-Nielsen | (Z29) -
-1 -Ea7 :
19 ky = ayxexp(po37) _
-3
18 r
= 3 ’
=51 1
19 + &
5
-7
gk i
1@;‘9 2 ! 1 ; i !
%)%] 400 508 1%]%} Pa%14] 1%)%
Temperature € C)
M3 Kb EE R
Temperature T The o THein
' Tpout
THeout '
Tpils S |
- i ‘Consta
1 C nt
IS
Toin 2 e '
P ]Azl w
| i Lo
9] " Zo ZotAZ L Z

Distance along Reformer Tube

K4 ZEDflOEF
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3. s H & X

AEFNEBANHEFIKOVT, 3, Kblal~h it DFERERT. £IFHERMSL
FUHERETEHALLOT, Bolal~h 3, 7oA 2A00SHOE CORIGEMITH -
BT A EBOELERLIEbDTHE, fMillr— 4, 7o AFZFERABRITNTD
HEEME, FADBMEEEAR T 002 2 P OB HLRERBENE D L% LV EEEAR,
s, 250l HERICEG2F7HHBEZRIBOREZEERTHO A 4 VICBREL TS5 L
foo AF —LH—FVILEEFREGCHEESZ, MO ARDOMPREIBEO/-HY o
&E LT,

Blslalidli M2 DBE AR LA bDT, ERHB T oz HA, SRE~NVTLAHRERDT,
Mj A RDREEE 70w R X ZAAOMOHHSHOMI D KEV, TARNY T AFZOBRER
(WC) BT o2 HADHER (we,) ODEEUEBRENTE, RURIBK X ZRAMEL T
HADBEEAZZLEDLEFIEREVEDTELIN T Lick B,

H5blidAs Y OCAOEFR Rl €10 95, JIG 1 REDRERLIA Y vOE VI x RURIE 2 iC &
DHERRL7CO, DENMRY RT, xidz & & BICHEECHML, REEHOTIHEOBL LD
ASVBRRL TV S, $hy RADDPSHImPI TR x EEBECHEMT 505, 3mAa#A 5
LR tafIL, o 6mbll L TRHFREDT IEAAR T, x SHEBCENT 20, Kk
1 DRUGESD 4H > 0 (BBRG) KO TEEERK,, &5 (16) ARVK 2 Hhobhi L ic
EEFREELRENT LD TH S, y PR UHx EEGREMTEZORRIG 1igk-» TRIG
2OERTHS COBERINLH5TH B, Lo LKIG 2 i 4H < 0 (MG AR 2
LK., BREOER L EbEDPTE, LM - TTFTARTT oA A ZCEENS LRI LITD

eq2
NTRG 2 ORUSRBIEL y @ED4 52 &5,
M5l ERIGEE AR Licb DT, ERHSHIG], MESRIG 20T nEEDbT, BEL bA

Op5 2 mftETE -2 2EL, #NLb FHATRERACERST 2. 2 < 2mToRNE, 7
oA AADBELRE & SICRERETHR (1D R SRNTET &, FREE2C20T
BELIERELIILE - TERENEZCO EREZ2IEL-TERLNLCOM YT V2L, COD
SESLE O EBINTOACESERLTHS ((10) &K, K50 )o 22> 2m TORDIE,
RIEOETE & b ERgS UG 1 Tl CH, , RS2 Tl CO) BRI A RIS T st
Bichsmace (9, (100 34T ( ) AOMEANSCHECE), $RFIE2ID0T
B SRAIEDK, , CERELEFKCISZEPPERLTNELVA S,

B5(d) RRIGE A8~ T 70+ R AR GRS Bfid g (RIS REEE (B RU

* AL, FIE1EAO»SH0 1 mORXE TS THVEIGEEZ R T, CHRVIHD A 5 »OE M
WA LTHEDTEV T & (ORER), RURGEEERPPEOEETELT &tk b, LivL
CORKMIIRIBESRICE~NEDEL, (OHVILEEDLADHHPHOTOREE~DEER
BLTHofr, TLTICKBMTOERECHEWSDWTHE, TITOBRRMPOBRATE LT 5,
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RIGic kL 2R EE8 S(W/m>%&ﬂm;qf&ﬁ%mﬁﬁbt%@s %&fLTTLL%@
THhb,

S/ =§ x=RY¥(2zR) (42)

BREE 7o e ATAANIECRES, AOTRHEODHEIELE TS, LOLS5HS
MEETRACALRE, RE B/, 2FHDAOTOEBLL-TEZEZHDOTHY, ~N—F—
DRKNERET LR L - THLHBEARBICEHE T2 LOTEHEROMBG R KASNHE
BLERM B MEL-> OB EDDDE, T, ~N)UATRDER - LAKRDS b,

2RTEEHNTIZREEORBARIGCHEINTE Y, ASRBIKBRIUERE S B OBE
BEIORE(EA TV AR EHhHD,

SRR O 7' 0 v 2 4 Z M SR ORI G U 7R EE D S FoRETA T 00 (F
B ANACEIRERINCRIGHETH 2 LTEETH S, ©F, FEHRTOHEEIFEE
AR ELLRES (14) ARY C3) AboBEL. TOREL OEBOT oL A8 2EBE T
ZELSIGCKEERZEZ T 7o —FREESEMNG, Hsle)tmid. EH ARIZTRETARIE!
&m2mﬁ¢57fu-%ﬁﬁTml, T, Z&bHT. HRSKOEERDICED 2 TREHINE

CELTWHOZ EER S ) CRIMEEFSEnTHW T EMGIHLMLTH S (G 2 DR IEE
MEoEiEs1 55RO, FERELLOTNET 7o —-FHEETASLE, K120 TH
REE2RICOHIZD -3~ 4K BEETHY, K2 TK,,, PERELEGICHENTS (RARKE)
LEEZEZHROLELE, RIGECR D 7oA 2A0RE EECH LT LENTRISHETL
TOBHCEHDPL, RIN2IED20TR 2=62m fRETERSRIKELTED, K, , H&RE
EEBRELT S (BBIE) CEEELDLE, TTU-FRESED EIATHRRE (2K
ElpEHAANDRIE) #BNTED, AS30RKG 1L -TH, ORESEKEHD
EEL N A,

FRHCRRO 7 02 H REC BT A VERETORE L x, v & (14 K& (2308
B L, ERORIEEVEEAZLSIVAEBDET Fu—- FHKE &R, B (ICRT, £
B, SRERENENRL L, RG22 KT ATV e - F Rk, v, TRbLT. x,,. v, B
Mo ox, yOEEGEETLZLE, ADLSInEETHARINHELRTTLOD, 4mEH
A2 EDITONECRY, #ERSE ORETOREEMRKICE SN THAS &M%,

T FERER RO 7o w2 A RARERVEPG ZOERTOEBOMKENS T

FERsEETH D, —H, T7o—FHKE, Yot 2A0BEERFHMOELICH L THRIE
NEOBREENTHWZOMEIGEE L TEENICEEYT 2 L CHEFIEEL VL5,

7D%ZﬁXGDﬁafkﬁ%%&%wt%@;ﬁzicamégﬁm}@%;u% I EIICLEA> T X,
y BOFRETAIENTE, TOERER6g), hicrRd, PS5 He DELZR 3mfliE T
SHCENL T 5L 5 %:hc!:bFﬁfﬁﬁiﬁf}mi@%?mcm%o TR (D 5x
PHOF TARLHEVARSCELICEUEMTE 60D, ERATRD2EVEBEH,
DERRE E ST 27:HTH 5,

M6 dBEARM S0V 7 MTEBI SAZMERKRTIHEEOERER (&4) £Rx=7
M EHIEER GES) AHBUAFAL2RESTE LTRT, 743 79 FFEBE L
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RbCUEDTEETNEZOEEBEMTEIERTEN, 2T THFIHFRBINTI S+ 7
KE-TAY VI fcE L, SOREIGL ERG 27 04242 A QBRI 2 LK
ThHHERELTLERRINCRESISRAOBRELOPBEL L TSA LT Lt k- TetES
T-7 H6 OREDITD»ORBT — 4 LA BERRB T o2 2 A RAANIGEN R SRS BETIE
R LRSS THERREE LB AAOMET (A~ 1) KO XS S AMRRIGHET 27 b L &
Zofb, BROMEICL ZRIGHEE (reaction kinetics ) DBV AEETHIE, HEOHEE
BEHBHVNSOEWS T ENTES, $4K4, E5L0HOCET 37022 F2OBESD
BESCH, #RIEIMEILBRMNL —HLTHB LA 5,
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7 A1 1L 1ZE-98 kmol<iz%k L Eatm
PR =l ‘E A1 kmol- s gt
y EAL Tokmal

' E Tk

HI tal w3

y F LB, 08 atm abs

i THein 72,7 "0

i Tpin 421,68 °C

e

; WH 2

-3, 8421 kags

wokhd +@, TE okgos L 0 =15k

whZo +@, 21182 kg s , ¢ az

L +@, 81458 ) ta
Rt

G 7. 44E+

WCH

i THeowt
v Thout,

at DOutlet 3 Tapl -4.81 K
2 a2t Dutlst 3 Tap2 -@,323 K

M
wn
B)
Fey
m
+
DAl
i

r1 oot 45,0 FRE-9E kmolockg_canal,

FE_out -1, Z3E-86 kmolookg_catal,
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per Imitial CTH4 Feed Stock 3 (5=
CH4 Feed Ztock $ v BLELY
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F4 BEEEEARN oY 2 MBI ARBER

Date : '78 31. Aug. 13:31

unit Process side Helium side

Helium Nm?*/h — 7011

e Naphtha Kg/h 92.5 -

= N

= Recycle gas Nm?*/h 0.0 -

=]

= Steam Ke/h 317.0 -
s/C molfatm 2.9 -

£ Inlet Kgfem* G 10.94 41.71

£ Outlet Kg/em* G 7.00 40.59
Inlet deg . C 471.6 872.7
Qutlet deg . C 81s.1 644 9

e

= T-1 (1m) deg . C 4337 647.3

5

=3 T-2 (3m}) deg . C G33.8 723.4

3

—
T—-3 (5m) deg.C 703.5 778.4
T—-4 (7m} deg.C 776.6 825.2
T-5 (9m}) deg.C 830.1 8595

g

= H2 mol % 70.8 -

e

g Cco mol % 16.2 -

8

b coz mol % 1.8 -

=2

& CHz« mol % 1.2 -
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=5

#%x CDOHDITIONS

‘:/S.:.LE/-“"

Fetormer Tube Length L

Fetarmer Tubg Radius HE

Ouezragll Hezat Tranmster Dostf., HIN

Freguency Factar of 3

Fregqusncy Factor of = '

Aot iwation Ersegue of O ;

Aotivatizsnm Energy of Ca H

Eulk Density of Catalwst H

Frocess Gas Inlet Preszuers s F 7. FF atm_aks
Helium Inlet Tempsraturs 1 THeim 2FE.7 °TC
Frocesz Gaz Inlet Temperature ; Tpin 421.6 °¢2
St=am Carbon Ratio HE= 2,329

of Helium

Fate of CH4
Fats of HID
Fate of Frocs
Flux ot Froc

Flaw Fats
Mol Flow
CMald Flow
CM 12 Flow
Supsrficial Mass

Flow Heat Capacity of Helium y WEH
Flaow Heat Capacity of Frocess Sas) wop
%% CTHLCULATIOW RESLHLTD «=#

Helium Temperaturs ar Dut st ;3 THeout =4
Frocess Gasz Temperaturs at DJutler §j Tpoar 215
Fpproach Temperaturs of FEsaction 1 ot Outlet
Approach Temperaturs of Reaction & v Qutlet
Heat Flux through Tube ar Qutler 3 g 17, 98E+8
Fate of Reacticon at COutlet 3 orl out +3,3VE-89
Rate of Reaction at Dutliet ; rZ out -1, 72E-HE

ction at Outlet Soooout

-

Out et Freszure i F

[ Composition =t Dutlist ]
M)
Mo

CH4
Toz

S

Converte

KEr

r +
of

Fraction
Fraction

d per Iﬁiti&]

Initial ZH4 Feed

ODrw Mol ¥ of CTH4 g ¢ Inmitial Feed M)
Dry Mol X of CO 0 g ¢ Imitial Fesd Mol
Drw Mol X of HE C Initial Fesed Mol
Drw Mal X of C0O2 3 oImitial Fesd Mol

Dry Total Mol Flow Rate 3 2,79 kmolohre
Mol Flow Rate of H20 H 1.17 kmol <hr
Wet Total Mol Flow Rate 2098 kmol ke

M3 588 )

ELAPSED TIME :: B&:d

A Lme L *®

bkmml 6 s
kmol ek

Tokome ]
Tokmen )

-
[

i
3

Y.rf atm

fiv |
[T I

abs

FH4 Feed

-7 1E
-1.31

2

2 VEIHRR (F 4 ORBIE & O HE)

JEatm

B,
H,22

LEatmy

o Ly

bl

Shr
ko by

kmal g

J
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1498
qugl_—— rrocess Gas Temperature; Tp °C

---- Helium Gas Temperature; THe°C  __.
800 =T

=
—-‘
-
-
—
-
"
-
".
-
-
728 -
-
-
-
-
-
-
L

500 '
/ | ] | 1 1 | | I

489

Distance along Steam Reformer Tube; Z m

E6lal ~USLHARY T oA HFADEE (£3)

—— Moles CH4 Reformed/Mocle CH4 Fed; X

---~ Moles CO02 Produced/Mcle CH4 Fed; Y
b.8 =

0. L=zt { | | i ! [ I
a 1 2 3 -4 5 6 / 8 g

Distance along Steam Reformer Tube; Z m

Falb) 7 vooas BIGREOERKE (F3)




.BE-85
.BE-B5
.BE-@5
.4E-85
.2E-85
. BE-B5
.BE-B6
.BE-B6
.QE-06

.BE-06

.BE+DY
5}

.BE+85

. BE+B4

LAE+34

.PE+84

.BE+@4

.DE+00
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—— Reaction Rate; rl kmol/(kg catal.¥s)
---- Reaction Rate; r2 kmol/(kg catal.¥s)

l I | I [ I I

1 2 3 4 5 E ~TF*--__8 9

Distance along Steam Reformer Tube; Z m

K 5lc) = IG & B (&3)

—— Heat Flux ; g W/m~2

---- Equiv. Heat of Reactions; Sc* W/mAa2

1 1 ! | f [ [

!
a 1 2 3 4 5 6 7 8 S

Distance along Steam Reformer Tube; Z m

BO5ld) BEERORIEH (k3)




39

2y

19

-18
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—— Hpproach Témp. of Reactionl; Tapl K

---~ Hpproach Teﬁp. of Reactiond; Tap2 K

—

| i | [ Il ] ! 1

1 2 3 4 3 6 / 8 S
Distance along Steam Reformer Tube; Z m

Kse) 7 70— FiRE (£3)

—— Hpproach X ; Xap

---- Approach Y ; Yap

o= = = b | L

3 B ? 8 9
Distance along Steam Reformer Tube; Z m

Basif) 77 o—F#Hk &E3)
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34

20
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94
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40

34

2y
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—— Dry Mol % of CH4

\ Dry Mol % of CO

\

\

| 2 3 4 5 B 7/ 8 g
Distance along Steam Reformer Tube; Z m

K 5(g) CHs, CODEFA « 2% (F3)

— Dry Mol % of HZ

-~ Dry Mol % of CO2

Distance along Steam Reformer Tube; Z m

X 5th) Hz, CO:DF A « €4 % (£3)
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18008
9np ,4:Process Gas Temperature,Tp °C
----,0:Helium Gas Temperature,THe*C ____
_’_,——““" A
800 L ]
_--="T o A
,,—””o
700 SO
G, o ///A///////
185]%)
580
Z/ ? I I | I i [ !
48% l ol 3 4 9 3] 7 8 9

Distance along Steam Reformer Tube; Z m

K6 MEEEHEAR T o U7 MIBEARBREREAEF LD
Yizlb-va VEEEROE (F4, £5)
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HREHBILOOTIRIL Y a b— v YEFUEAERL, KIEEICHS T RBE, KIGHE
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G LDV Iab—YaYEFTNLLD, HEBTOKRERBFCHTIRIGEES D
ERIR, MEREODR, ADERERES, HEB AF-sh—KrHEBEGELEOHR, ZL
TEERLEROYMBZEC SO THANTITL FETH 2,

E ¥

AREFrETOICHID, HESES, FA-8H50ERT -7 2R L TIHC A TRBL L2k
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Appendix
o KAEJNE DR & RO KRERNERN

KASWE KB 52— BemEli, 2 OREPRIPOBBIEMNTE S, T T THKES
WEH RO & RO KESRLHANICO 0T, BARCT LA XE (G ~ @D icHS T2
DORLERE F & D TRNRD,

KEBELWHE MO BRI H <, 19304, Standard Oil of New Jersey @ Bayway & 7h
FricsVWTx s YOREN LHREIHTLR, 1936 FHE, 14 )7 &k, FHECENT
H 1955 IERER MO TEEBEBNBRIZIN, TEHOEEE 1963 %EE ICI (Umperial
Chemical Industries ) H OB U/ 4 Ao+ 7V OREICE - THEEE X » 72,

BHEHRLKFEOREBIHERGHE, —#ic (A-1) AR (A-2) X RARE) TEbs R,
HRLECORBEILINKEREELTCO, EH, 255kT25 (COv 7 rRIG: (A-3)
A GREAIG )

C,H,_ +nH,;0 armo+m+%aﬂz<n;2) A-1)
CHs +H.O 2 CO+ 3H, A-2)
CO + H:0 Z CO: +H; (A-3)

HER L - THONEBATADERE, HE FH AF - —FrH Kk - TRELE
5, (A - | BRI X2 FHAROELORFRT ERARE, Hy . CO, CHiO& %
hadlaicky, EeoRBKHATLENTES,

850°C Ll Lo BB THHIERRILKED 98~ 99 ZHWH xh, Fi(H, +CO) oK B4R
FHABREREDM A%/ —VERK TYE=TAK 43 VARLEOEEAR 70 €2 0HE
B 2E LTHOWSN ALY, SAR (synthesis gas) & bFiEN3, KFEIL SHRRIED
R, REARADLMOEE « G, TOmOFT A, &b, EEECSSKLTEOET - oA
PREES R MEEt A EoMmEcRIA SN, Ssikzc - DOREEHEEEEE L THEES
NThb, 29/ —nid, WRTHETHIZ2ZEPORBRVWEERTZ ) -y BEE LT, %12
COBARLIMBOANEC, (E¥EEE LTHVWSNIES, 250~350°C DHEHER T
KERHEIC L) KBEERET S EMTES, 7V E=7H, BE HEDLS S{LERD
EEELTHOONE, A+VERE, AL 74 vE4+V A2 (Hy ECODBALAML 1
DREHARA) ERIEEETTVTE FEARTE 722500, AALATATE FhoRER
BEEKA L TEREHEZFLL LB TESL, SR AE, TOMEEROIER Le 28, VY
VIEERA - LRRT LI EELCEERROARICHN 515,

F/. 600~800°C DREEHATRERRKEDN 70 B KBESIWEI N, FlA =T
— v %X (lean gas) OBEERFAEINS,

* b
+ K3, KEREROAERAADOEXSDEFEHSETT
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500 ~600°C TREILAKEDH 45 BHWESN, ERIRBE T A (EEE 4500 kcal
Nm?* BpBEEsh3) oRSCfHINS,

400 ~500°C THSOKEDEE FTCO, 120%, H: 1 10~16%, COX1 %D A 5 VEAN
A {rich gas ) #Foh b,

S5, 400°C AR TRF 7y FEEIRN K BRI KERWENGEN LTCCH e i a
((A-1), (A-2) ADOKILY, £RAF 2 EZSNG (substituted natural gas ' RERAKELS
A) DOEETHAE RS,

BRA AL, RATASBERLKECKBRIRAIE LT TE(, FEEMOHZEIL (partial
oxidation ) RGROKEZN At (steam gasification) L k- THHBE I 5, FHaEElL
thid, REXWEESEIBEEIIC L - TRIBEAMBT 248X TH L 0L, KERSRIL
KEDQRPICEBESES L, BE1300~1500°C, FEA30kg omf PLLTE 230 78R8 K IE
ARCSY, TOBMBRICY > TKEINERICK HESASAMNT I NMFTATHD, &%
i ETHEBICKE LR OEERICKEESER LT ABAECHC SN S, SHTRITEHAKZD
90 %Ll LSk BRAERUBABILEI L - TREEN TS, AKROAT AL T HARLT
HO, GEPIWSHEE LA BEEEGC £ O GRE 400~ 1500°C TCO KA EMIESETK
HHREBL, BFFOBBICIO IO SO{LARBORECH 2 {LaiTH58, ABRLENLS
L, FAEMBEOBE FLINERTOTowaMET LT L oBERILKEOREINED
Lo RnGEAEEE LT o2, RIOHBICHEL TV SEWVA S,

KEE, LBROGRED D ELET 2 HEOE, I, KBS 1 7 L BRORES
Wk > TRIET A HEN S L, BILEY 1 7 vkl 2 CDES A 7 vERIN TS A
WTR B T50°C UL EAMEL T AT 0 AR GFATED, KEIOKFLEET 2 BGREABY
HEARELELT AL L ORI HORARIRRE L THADED SN TS, LbLBET
FEFEAI20 BIEE LEL, TG BRES LB LN REFRERGD, EHRAZECO
(Xi3CO) & F 0w, (LEBENURET 22 &1 A7 /7 - VEDLELER GORE
LI AMBFERT AT AHIE, KEFDCO, #ERT A HEMMBBBE LS,

KEQWEI L - THEONERT 2, FAEBNICSUCE.DUBETIREEVE LT S, K
A- 20k, RERDF7 FOREEHRGIC L IRENLERTAMEY 0¥ RERT, FiAFKkE
% HliEd 5IES, EMA-3DLHIN T o ROBEE RS, AT EERERILKER BREEC
TKEGRERIE D E (poisoning) DERELEAIHSEORB/LEYBHRESNG, K
BRAZDEBRO L S5 HEEHSLLAME Co—Mo H, Ni — Mo R FT(A-4) Kt Rd
L5175 REE DRI L 0 ~T HeS CEZ BN, M RADWE X3 BILEH A~ Bl (A
-5y ckrEah i,

R-SH+H, — R-H<+H,S (A~ 1)
HyS +2Zn0 —> ZnS+H:0 (A-5)

BRSgEEERS A, FoeAAF - A LBESNCRIEF~ELN, NI BEOFEEAS
NEREBRMGENT (A-1) ~ (A-3) ReGFECEFLHET 2, (A- 1D ~{(A-3)
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KO3 DORIGREARE L TEVGIRARIE S0 0, RS, ERomMaERXESRE B8
&, PROKILEE HER) ORMICEBESALEHO -7 —itk - TR I 3, REE
B Fov A AR, $350°C T THHIENAE v 7 b 3vs5—4% — (shift converter)
KELND, Y7 heayn"—5—3(A-3) ROKIBIC L -TCOMES TIF H B %
EFL7micAVensdDT, Cr, AZZFRMUCELEMEI LD 360~530°C CTBE &
hEEREY 7 s a3y =y —ZHETo w2 HRECORBREMN2~5% (vol. )iKE/LT 5,
ST 220°C 2 THEIE N, FEIICHD 210~270°C TEEINAEE Y 7 b » v
— YT O RATZAOCOBEEIRZOI 04 % (vol ) LT3, IRiIcFa ez HRid
CO: BEICEOND, HRAVACAVOLNTVECO; BRETo+xid, (A-6)RicRd &
DISERERA Y 7 ANDILFERRINTHD, COHEICED 125°C TCO, EERH 01 % (vol.)
L5, BRESNICO, BHARKTHERINS,

COz +K2 COg +H20 Z ZKHCOS (A“6)

TOXRHFARSOIKAYF—4% — (methanator ) KELNDB, A7 F5—F CRE-7-CO K
UCO, NI ity (A-7), (A-8) ARG LEM-TAY YiREZON Z, AO
TRE300°C, (CO+CO) BE 2% (vol.) YUTDHA, HOTHF a2 #H 2D (CO +
CO; ) BEIZS~10 ppm % TFH5D,

CO + 3H, & CH. + H;0 A-7
CO, + 4H; & CH4 + 2H:0 A-8)

T LTRHEEICIT~98 DHEDOKEHBB LML, COXIBRECEETIZZ 20 FE /b
OOHEERBAEL L, BUHELEREAE TV S, BATE, COTEFLDBELTEH
EHEBEEINT VS, PSA (pressure swing adsorption ) #!3, molecular sieve~K#E
PADT oA HARSEBESE, ERTHBBET Ll iE BETE oA %
—HOBEFTRALCITOERNC KEOBUEITHOAETED., BRY I b2y -5 %
TO2AFADCEHENNIBULCSMEDKELBLIEHTES, PSAEEZRAVIIEBET
bIRERD KEHELRLMBEEORSAGRIBoOL LDATH S,
EROMBIFRKEBELRWEEFC R, RIEERD O/~ - OEEICEL » TRIA- 4T &9
7z topfi}ed, sidefired , ferrace wall sidefired % LT combined bottomand
sidefired WL 2O ML EMH 5, RERKIGER, HK 40, 2520 Cr/Ni #,
Incoloy 800, INSGIOEFSRMASEOHLEEET NEHNL00mm, AEKI10mm, ES
#10m, #ohizRaschig Ring (16X6X6mm) &N 2 ¥ ROTNVIF %5 F 4+ ) T
{carrier material ) & LA NI MEAFHINTED, 7oA T2AENLEENS LD S
THNE » THALSOREREINAE L E, ZA- 2 IMBFRARINESR BT 5 ELHRIE
EIRRCRE T/ hRSOBEEMERT, 2 TSteam Carbon Ratio ( AF -
L= KN ES/CH B I sFEERIEKRKBCSENALAREFRFHICHST 570
2 RAF - AOPTFHOHNEGERT, 792 2A2F - uid, WERDEEETSEE bich{bK
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FOMRICL D — A IR ICERY BRSO BT ROABARSBE 520, A%
(A-1), (A-2) ADORIEDILFBRLIOBECMACATEY, RF—Lh—FrHi
ZFDRESEKDT, MA-5Etoplired 74 7HEFHOK O BEXIHERLIZFTH
Bo ULEDERIIM I CILELTEY, REEMBE® Y ) —FRARLEOCEHTEEZINT
WA Edbhinb,
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A1 AT ADDOEHRRIEDH
{ i B R, FIEROF()
3 114 & B R O©
CO,H2 Edaldii) he [v2 74 i & [
Crz0s - Fe2Or e wiE-—- , 315~480°C
* % CO+1H:0 —1iz4C0: co & FE 4| Cu0-Zed-AUGE | WE~ . 175~260°C
Co- Mo~ ACsF | 7—280 etm |, 260--460°C
o Za0 - Crz0: % 280~390 atm , 340~400°C
AT CO+ 2H:—CHa0H 28 - Cu0 - Zn0 - Cr20; | 40~55 atm |, 245-350°C
: Wit AlO: &
(4% 7 —nik)
€O+ CihOH co 4% /—n | Rh& 15~50 atm | 200—240°C
, —CH:CO0H
P &
(L% {H) co
2C0+211: " . RhA 70 atm . w0°C
—CH;COOH :
W TBE CHOH+H:C=C(CHa)a _ 45 =0
—CH:0C{Cila)z {4 TFV -
(®£—K k)
n CHiOH— - iss—n|l et 4rE 14~25 atm ,  300~400°C
(Cit:}- +nH:0
PRI,
{FT ) co
A CO+ 2alle— 211 - Fed: 22~25 atm 230~1335°C
(CHu)a +nH0 -
{47 /—nil) co
CH0H+CO + 21z a1t AF =1 | Co 211~352 atm  185~226°C
e Cel O+ H:D h
7/—n
(Wi (v 1) co
2CO+41t 2H - Rh 21~350 atm  280~340°C
. —HsOH + 10 -
(£ 5 /—nik)
2CH 01— CLLOCTh+ 110 - 49— | EATLEA
CH;OC“)"C:”J"P“:O
A ; L
04 (F1) R
200+ 41l co - Fe-Ti -K:0 10—30 atm 250~ 350 °C
2H:2 - Zal
—CuH+ 2110
co _ - e .
iP5 v CO+ 3Ha—CHy + H:0 3” - NiO-AlzO3 & #%IE~300 atm  200~480 'C
CO+2ROE++0
COOR
Low 3 & (_:'Cnou*“lo
0OR . ) U 80 °C
CO(JI{+”'0 C Ei 50 atm 0
—{CO0IDz + 2RO
(L s 7 aEEE) o
(COOH)a+ 21l H: L 3 &
v |—HOCHCH.0H+2H:0
Fia—n L) 2CO
i 4% T X - - .
- Rh: t
2CO+3th— HOCH:CiLot|  3H: * 360 atm 20°C
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RA-2 FEROMBIFRKETHER O IER EEREE

Conventional Steam Reformer

(Furnace heating)

Tube length

Tube inner diameter
Tube wall thickness
Catalyst shape and size

Tube material
Mean heat flux through tube
Life time of tube

Furnace gas temperature 11000 ~1400 °C

Furnace pressure : 1 atm

Process gas pressure : 10 v 38 atm

Process gas inlet temperature : 370 ~ 450 9C

Process gas outlet temperature : 800 ~ 850 °C

Process natural gas flow rate ~ 70 Nm®/hretube
(Process naphtha flow rate 10 ~ 90 kg/hretube)
Process steam flow rate : 80 ~ 400 kg/hr

Steam carbon ratio 4.5 6

Maximum tube wall temperature ~ 950 °C

9~ 15 m
75 ~ 125 mm
10~ 20 mm
: Raschig rings{16x16x6mm)
Pellets(1/4x1/41in.)

. HK40, IN519, Incoloy800 etc.
60 v 70 kW/m?
100000 hr

190
30 ‘ .
\\\\\ Pressure:P= 1B atm(abs)
8Ar O\ 3
N Steam Carbon Ratic:Scr= 3
rails AN _
\\\\
Q- : _
\\\\ H,
20r ~o ;
4@ i \\ S \\ ]
| o C0; T~
30f CH, N — '
20} e ]
10+ CO -
H | | [ |
g%@ 420 500 6008 730 840 %1%
Temperature (°C)
RA—1 JKEXE N X OFHHARL




XA—2

JAERI — M 86— 090

Air Naphtha Steam COx
]
|
Desulfurization |
Lowtemp ;
sleam |
reforming I
T— |
* 1‘
Tubular
steam .-......J
relorming
f
Seconcary
retormer
f i
]
HY shitt HY shitt |} e
conversion conversion | 1.8
(B
f i { i E [
w1 i | =
LT shift | LT sm." 1 ? Methanation
conversion tonversion I-;
n
i [N f
co. |IE
COh removal remeval } = Ch removal CCa removal
i By u_i____] [
. N Hydrogen
Methanalicn Methanation separation
. Oxo
Ammania Mathanol!
syngas Hydrogea syngas Syggas SNG

PROCESS STEAM

5]

F 74 DKBERREIC L DR ABRET o & 22

€03 REMOVAL
EYSTEM

DESULPHURISER REFQAMCRA HT.SKIFT LY. SHIFY

3

STACK HEAT RECOVERY

L~ ]
6 HEAT RECCVERY AMD CODLING
FEEQ FUEL
l PROCESS STEAN
DESULPHURISER REFOAMER H.T.SHIFT
A
STACK HEAT RECOVERT

FEEQ

=

&

HEAT RECOVERY AND COOLING

FUEL

PS5 A
STSTEM

BESA. PURGE GaS DAUM

HYDROGEN FRODUCT

BA-3 BERKEOKESHEI & 3KERET 022tV

ME THANATOR

HYDROGEN
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Inlet header  Iniet pigtail Inlet header
FEED
) L Burner - j_________‘:wi
Al P [
y Flue gas Flue gas
outlet outlet
- Tube filled
| with catalyst
y Burners BUFHEI'S
KBl
™ Terrace wall

S Flue gasduct “~j) i
Outiet pigtadl \Outfetheader - poouer

Qutlet header

Combined bottom and

Top fired furnace Side fired furnace side fired furnace

BA—4 PEROMBFRKEGSUERD N 2hoy 4 732040

BURNER

TUBE WaALL

o
5
L.

k3
A £
CATALYST A {7 fj
FILLED - = ,ﬁ' Fa
TUBES o
-IOFT
PROCESS
GAS __ | | FURNACE
GAS
~ 20FT.
FLUE
GAS
bucT
| —-30FT,
ooo“[ 10o00° 1£00*

[:Yolehs 2007
TEMPERATURE °C

BIA—5 top fired & 4 7 BRI E 2N OEE A7 Y




