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Projected G (Projected Gradient)

Monitor >— FDSTEHIFRDGEIFAZEERFUZEZR-IERICHELEZRNI FILD/ JLLDEY RESH
RELET, THHLEIDENNEWVNFERBROBEIEIEFN EIZHRY FT,

HE7ZLIYXLIZEBOEGHD=6H D projected G #EEIZIFUINEEHICL TWLVEW=O I DEN/IMNS N &
IZIREDBE2HERTEHEHY T, Projected G < 1E-3 BEIE+HNBEENEMERLEZATLLES,

778 Projected G [ZResults O — FDIITETLBEHREILEI VY I TBHIEICKYRBIENTEET,

Potential and Activities

Monitor — k@ 6 1TH I& Potential {3 TI,

Definite: RDBETE (HAHWIMILIAES) DILERT U YILNEE > TS,

Indefinite: RDKTHR (HA WIS DIEFERT UL P ILBNRETH S Projected Gradient > 1 TH
%,

BERFDEERTUOIYILNEEZNEEFENSZE L1,L2, - Ln ELTHBIEEYD Activity AlE
#0 + RTIn(A) = allLl +a2lL2+ --- +anLn

IC&YRHENFET, 2T
u0 : Z0IEEYMOFDERE. latmZBIFRIERERTFUIvIL
aj . TOIEEYD | BEOTERIZHT 2ILFEERZH

T9,

O Activity (ZFREDHE (BEIZAELTHE D TLETDOT) TAETIDOHE (atm) ZRLTWS I EIZHY
*9, L. SEBRITRTOEILEN 0 TEH Potential AFEFE L TULNIZ0 T UL Activity DENARTEAE
T, CNETFHERREZERLTVET, TAOFEHRREOMER D ENEISEL BV E=HICKBERENHETE
Thof=C&hbmyY ET,

HEEBRE L TWAEEHEICOVNTIE 1 EBYFETHAHIBL TUOVEALEBHEICOWTIZIZOMEA 1 12ELVE, BE.
EH/KBREDEELELNITHEELOT NI EEZEKRLTULVET,



Indefinite MIFE. [HEDBEFXELINEFEICLIFEREZRTL., BBEHDEGEEX — ERXRRTLTWET
M. HIRL TWLWBRMERD Activity N1 THAZ EIFZNBETELRILTY,

ERXHR (HHVEHIES) DIEERT VO YAAEESINTEICLESINEERHICHR L TV SLEYMOHEAE
HDEICIYRFYFEFINHEEDHMZLLINTEHEETS,

HE Potential L Activities O —FD 21TETEBEHREILEZ YV UV ITBEEICKYRBIENTEET,



Menu References
FILE

Open Malt File Shortcut : Ctrl + M

Open Malt File #* =a—IZMalt Direct file (x.med) 20— F§B3EHIZHAWVWET, COT7AILIET TIZ
Save Project [CKYRFSINTWEIRLENHYET,

Malt Direct Shortcut : Ctrl + D

MaltDirect A =21 —I(FIRWFEMALT TE IR SN TWB TR TDILEYDRNFET—FFMFLET, CDOA=2
—DFEEIDFIZ MALT AFMER TH Y FREDRHVIEEATHRITAIERY FH A,

KEIR COAZa—F7 Yy T R—FENLEBEZT SO UFIICEY FEhTW =2 vy TR—FDORA
BRIREODNFTT

Open Project Shortcut : Ctrl + 0

OpenProject A—a—[FX 7O I 7ML (k. gem) ZFBED I 7AINA—T o475 Ry I RIZ&KY
Eﬁ( T:&)':mll\i—d—o
Save Project BB L TT LY,

Save Project Shortcut : Ctrl + S

Save Project A= —([FRANDTAD Y FDREEHE* gem HFXUMALT Direct File BHNIE Th#E
xmed ELTTARVICRELET,

Save Project * = a—I[% Cases DAR. WS DMDRE/NT A —F—E XU Malt Direct [CKHBNET—
anbpnEzhgExmncd & LTHICRET HOALDT, HEHREIRESAFTEANTOO LY bEEO—
FINEBRBICBHETEET,

RESNT* gem T7ANVETHFRAINBRATI7ALTIDTEREDTFAIIT A —TRAHZLIFTEE
ER

28 Open Malt File , Open Project.
Save Project As Shortecut : F12

Save Project As A —a—[FBRENTOD Y MIBBEDFTCTARVIZRELET, ZED T 7 M ILRE
BAT7OTRY D ARRTEINFLVERIZDITAIENTEEI . LW IOP ) MEFEETOD Y R4
DD HENTWVELY project’ DIFBEEBRVWTEDEEFDRAMTT A AT LIZE S TWET, gem [EFTLULVE
HIZIRAN IO Y FZDOIFEL. SEORFELHFLVARICEYET,

REFES N BHNAIL Save Project ICRILTY,

Save As CSV file Shortcut : Ctrl+F11
Save As CSV file A= a—I[XIMHED Cases. Results. Activities B&L U Monitor DK — k% Case 5%

HBIZLTLETIZELRZFDEEE CSV@UTEAAL—TFT 4y KN\ a—) BRIZTRELET, Chizk
YA —FDORBZEWVWDRAUIZIV LB EDRFAEY I FD1V—RMIIFXFRAR— T B ENTEET,



Exit Shortcut : None

Exit *Za2—F gem ZRT LET RESNTVLEVEENHIBERBIEEL TRET HANEIANERHLLY
AT7BTRY I ANKRENET,

TOS I FPHRETHIREILEELRHEIMNE S HIEY—IL/A—IZH B Save Project REZVERBEDMYE
9, fz=L. ZLREBREITY,

EDIT

Cut Shortcut : Ctrl + X

Cut A-Za—[FBRADIY FA—LETERSINETXIR N Z2HIBRT 5 ERBICEOREEY )y TR—F
[CaE—LFET.BEDI FO—LLAT Yy FOBEIEV VY TR—FLEDTXFR MNER2 TAL—T 1Y
RaX) 2a—WRKICHEYET, DEYRTIZE T3 EILOMEN TAB #9) TE1=%K1TH CRLF (#13#10) THESh
=BICEYET,

ZOBER (ZhETSAR= G0y TR—FEXTELEL I Uy TR—FREABREIELZSZTEFX PR
TY) TYV Y TR—FRIZHIRBRIEIZORKEYR— T S5REFEY 7 ~ (Excel,Origin & gem BB %
BEOTZLDRAEY I N ITR—X TR ENTEET,

Copy Shortcut : Ctrl + C

Copy A —a—[FBAEDIY FA—LEICRRENTWSATXFRAMEY Yy TAR—FIZOE—LFET, WEND
vha—HT )y FOBEFCut Z8BLTTIL,

Paste Shortcut : Ctrl +V

Paste A Za—([FREDI FO—ILEDH—YIIEEBIZREDNDY )y TR—FORBEZHEALET,
BEOaY FO—ILART Y)Yy FTO Yy TR—FLIZHBT—E4MNE THHTI—FK (CRLF) ZEHIEFNAL
IR oNzT—2E5 )y FEDELILDEEABEEINR—I FEDT ) vy FIZERESNET, 2aE—TD
BIRE ER—RX FEDBIREATREESNDIES Sizemismatch' . £-T72E DR TDOEKAE->TULVS E Wrong
format’ M A v E—CNEFNFARRTEINET,

S Cut

Fill with Case 1 Shortcut : Ctrl + F
Fill with Casel [ Cases &— hZH 1T 5 Casel DRBEZETRTD Case F[ZaE—LET, CcOA=a—IE
Z<M Case 1L D — FMZBWVWTHHIEZNERCERELI-WEEEHERATY, FT DA —I2kYTAR
T® Cases % Casel DAABTEDZDRELSIEDEEMIODVTOHAEELEFT . XEDHEITVIA VIR
B—FrHEEY a2V RRYIRESBLTTSL,

Delete Shortcut : F'1) v FOZFBRBIZDOWLTIE Ctrl +Del
‘Del” L)y FUNTIFRAWSZ EMTEEITH "Ctri+del’ (F—HBICFZET,

Delete A Za—[FRAEDIY FA—ILETERSATVWSTHFR LZHIBRLET . REOI Y FA—LLNT Y
v FOGEEFBIREDEEILORENIEIBRENET,

Select All Shortcut : Ctrl + A



Select All A=Za—([FRENDI Y FA—)LLEIZHITRTOTFRAMNEERLET, WEDOIY FO—ILN
g1y FDGE. BREBIXEET. BEIILEDH-2EILELRYET,

Copy 4 Sheets Shortcut : Ctrl+Alt+C

Copy 4 Sheets * —a1—IJ Cases, Results, Activities & & Monitor M4 > — k% Case 5| Z#H@EICL TL
TIZHEERZDEEEZ TE/INL—T a4y FNA)2a—HKXTHO Uy TR—FIZOE—LET., hizkU 4>
—FDABEVSRAUICI VLG EDRTIAEY T D1 O—MIR—R T EHIENTEFET,

VIE

TS5y T4 —L (A=a—) Shortcut : Ctrl + P

Platform A Za—FTS5y b IA—LERRLET, TS5V b T+—LAlX gem TOT S5 LOEERFER SN

gem DEBRFBELCTUTDAREOWTIANTHEELTOWT I CAFEHEEZERTLTWSAERIKATT,

1. JERIRAKEE
TS5y b IA—LIFRZFEA. LOALETEMELTLET,

2. AIfRENET Y T« TIKEE
TS5 b I+—LD1EBIEIRZDZNET I T« THDOTHD I s> FIIZBhTNS, LALEMELT
WBDTEIELTWADIFRZET,

3. FUOT 4794 FyikEE
TS5y b I+—LIERAIBRTT VT4 ITTH S

4. FyFodIhTLDIKE
TS b ITH—LEFAADI—PFIRYFUTEINTWS, TS5 M T+ —LIEAAA O —MIEDITD
& Cases ¥— F¥Results O— FDESITAS VO —FD—HDI—MZHYET (FyFod), 2D
KRENSEEIZRTICETSY R I7A—LDI— DR TEZTINLY )y LTTFEL,

Fig.11 : Platform docked in Main Sheets

I cem DQumckStart El@"'gl
Eile Edit Winw B Toals Help

2ld| =|a 2 blF > P2 BN 8§

C Coses | R Results | A Activitis | M Monitor %% PlatForm |

nge Mo ex nitial Last RACtivity A Calealats
i BIG4E-06 1 Z183E-06 Q

* ZAI53E-05 S3614E-D6 Fort
* ZZV62E-16 21H1BE-16 Temperatue(K)
« 107N E-02 1 AS20E-03 000
. 16537600 23015E-01 Presvusatin)
’ GESZ4E-03 B144BE-D4 |17
" ZFGIE-06 46TH0E-07 Wode
. ABMBOE-07 5A24BE-0H * Ciihe
g ZHME-10 BZ209E-11 " Helmbeltz
* 16893E-12 23510E-13 (Romdl =~
« QOZ1GE-15 1.2585E-15 SHIEHIZ
. BTITRE-01 525TBE-IR g-“n;fm
« |10 SI420E+00 TO18ZE-DN Found3
* E2105E-05 72515E-06 | S2EH00
« QFIIRE-02 1. 2989E-02 g;“sﬂz
« Z1561E-04 43073E-05 Rounds  w
C 4302606 GOZSE-D6 Step

Temperahure | B00K Gibbs:  Pressureltm) 1 Cragel 44 Compounds, [05 FeCr] y




Platform * Za—3 75y I+ —LZARIELTITARL LT B (AA V= FIRYFUTEIRTULA
WEE) DAM VU —FETT7ITARAFLET (AAMV—FRIZRYFUTINTWBER),

Graph

Shortcut : Ctrl + G

Graph *=a2—FT 5774+ —LZRRLHBBRDIT S ITRREZOHR EAEEICLET . F53T7 74— 4
& gem TRT 5 LOEBFHERL SN gem ODEBEREBEL TUTD 4REOVTANTHEELTLET,

1.
2

3

ERRREE— S ST O4—LIFRZEE A,

AREMNET I T4 TRE—T ST IT+—LD1BIERZBINET I T4 THEDOTHDY 1 > KHIZEA
TW3,

TO9T4T94 2V R ORE—FT ST IT+—LIFAIBRTTZ VT4 I TH 5,

RyXx o EaNTWBRE—T ST ITH—LIEAAMVU—MIFYXUTENTWS, 57 74—L4IF
AL —RIZHEDIF A E Cases — FX Results O— FDEKSIZALS VO —FD—HD— MY X
T (FyFxod), COREBMSBLEIZRTIZIET S I I7+4—LDO— DA TEETILYY) I LTTFE
LYo

Graph A Za2—[FXT 577+ —LEFAFIELTITARA T EB (AL =R YF U HTEINTLAEN
BE) DAV —RETTIOTARABPLET (AL VU= RYFUTINTWLSEER),

Sorted Output Shortcut : None

Sorted Qutput A=Za—IFFHMLLKYV—F T+ —LEZRRLIBEINT- Case DHEHKER AT -HEDEIL
BMOKZWEICY—FLTHEALET, V—FrI74A—LIZV DTHENZTITHABALBEIETZLRICEbNE

E

EE IOAZa—IC&kYEESNI=-Case DY — FHAZEBBIZIETZF®D Case IZxFLET Run 1 Case &
EITLEBTAERY FRA, BIZZDAZ21—%FTT5EAM P —rECase BlELTNLISM4 FL
TWBINEDITH > THRIEICETE L= Case DFERMSHASINFET,

Y—hr I+ —LDLEEBEOTHXFANTY FIIREFAETEDTIFANRNEET )Yy FKORABRMN*. srt J7 AL &
LTRE/O—FageTd, £=TU U 2—HALARETT,



Fig.31 : Y—FI+—L #HKE

+ Sorted Output 3 =10 x|
Projestyiame : CCa0 C =] __Pamt |
LA Converped Ot
B —* Projected Gradient: 2.6575E-11  Chemical Potential: Definite s |
Tomperatare(E) © 1300 Pressure{atm) : 1 ODDOE-+HOD ;I
Compound Name Phase [Database and Temp Range [Holex [Initisl  [Last |tetraty =
hans MALT 298.5-250000 0 10 7.5000E400 60000E-01
g |coz GAS MALT 29815.250000 0 3 5.0DDOE+00 40000E-01
1 o GAS MALT 298.15- 250000 0 17022606 13617607
7 |co GAS MALT 2915250000 0 9.7045E-07 7.7638E-08
5 |os GAS MALT 29815 - 250000 0 27439E.09 21952E-10
13 |CsD GAS MALT 208.15- 250000 0 S1T2TE-18 413RIE-19
T = GAS MALT 2915250000 0 23099E-21 224WE-22
c GAS MALT 29815 - 250000 0 2399E36 13967637
9 |cco el GAS MALT 298.15 - 250000 0 43691E37 3495333
10 |C302 GAS MALT 208.15. 250000 O 21T14E.41 1.7371E-42
12 |Ca2 GAS MALT 208.15- 250000 0 1.5618E-45 1 2495E-44
5 |2 GAS MALT 298.15- 250000 0 39200E-55 31360E-56
6 C3 GAaS MALT 208.15. 250000 O 1 452E-69 1.1621E-70
Total 1.2500E+01 1.0000E+QD
17 CaD_lime Condsreed phases MALT 298.15. 400000 O 1.0000E+00 1 O000E+QD
18 |Cal2 Condersed phases MALT 208.15 . 427.00 1 @\ 0 1 5932E-02
14 |C_graphite Condereed phases MALT 298.15-250000 0 D 0 7393E17
16 |cs Condeveed phases MALT 298.15-175200 0 0 9312EM
19 CaC2 Conderced phases MALT 208.15- 127500 2 d 0 3 TA24E-49
15 |c_diamond Condetsed phases MALT 298.15- 120000 1 out
20 |CalO3_cakeite Conderced phases MALT 298.15- 115000 1 aiat E
21 |CoC03_arsgonite Condersed phases MALT 298.15. 100000 1 ot
<] | 1

V— k72 —LODOEHH

A Status of convergence
B Projected G
C Potential

D ZO7RTIRIVIEIZDIEEMIZFDT—2DEEREMGEEZBATLT—2 %254
FTAHRZEIZEYBICHERRESNB I EZEKRLTWET,

E Chodit&¥EZEhoDT—20EREADEELY LIEERENS WL =HFE-. BE
MEEITHEWVEREL L DTS I=OHERENELEO TS EEZTRLET,

T39I+ —LESBLTTEL,



RUN

Run Shortcut : Ctrl + R

Run A =a1—I(&%& Cases @ U CEHEZITLMER % Results, Activities. Monitor dK S — ML ET,

Run 1 Case Shortcut : F8
Run 1 Case * = a—IXIRAEHEFEINTLVS Case ITDOVWTOHAHEEITL., HREEZXET 5 Results,
Activities & U Monitor OXIIHT BFZHEMMLEFT, 51E T 5 Case ZHET HICIEA LS —FD4DD
S—FrDENTHLERULVD TRLEITOMED Case BERTEILESI Y v HI LTTELY,

Stop Engine Shortcut : Ctrl + F8
StopEngine A —a—[IWAETHOHELZFMH T E-ODA=1—TF, ChIZKYHENGTE S hi- Case

DIERDRAT—R AL Stop’ £ YIERIZKEL Projected G ZHFDZEAFEINET, COLSLHFERZ
LREBTEHVLVELDTT,

TOOL
avY FRFRys R Shortcut : Ctrl + B

CommandBox * = 2 —I& CommandBox & gem M ZF DD 4 >~ KO XK YEIZEIZRRLET,
CommandBox Tlxa <> KS 4 U AAIZKY Cases ICHITHEWMEEEIEET S ENTEET,

UTRXFEFaAav o FeHob LINXFIIANSNLIBEZRLET .
IMIRIEEYF FEESTTEL,
AVIDHEDYICAR—RZFES LI TEEY,

avwv kR BTLL]
3 Lock (Main Form M7 ¥ 7 4 J73ET H3TH A S(3 CommandBox 12k 5 FE )
Zhid Cases — kF#R4EH S CommandBox M 3TH# L TEZAANT HDIZEFTT,

u UnLock  (Lock HKREZMRBRL F9)
G Gibbs E— FIZK PEE
A Helmholtz £— FIZ& BEtHE

NT, n Cases EE#ZEnITLET,

Tt WEEE SN TLVS Case & PlatFormDEEZE t(K) IZRELET,

T, t, step* 2 Cases ITHITHREZWHME t(K) 859 step THRELFEFT (TiLsHE)



P.p WERE SN TULVS Case & PlatFormDEHA%F platm) IZHRELFET,

P, p, step* £ Cases ITHBITHENEHEME p(atm) 15 step THRELFT (TELESHR) .
V,v AT SN T S Case & PlatForm MiATEZE v(litre) ITRELET,

V,v, step" £ Cases [T T2 KIEZMHME v(litre) D step TRELET (TILsH) .

REIEE SN TLVS Case & PlatForm (ZEWWT nl HEEDIEEWDEILEE n2(mol) IZETE

ni, n2
LET.
— 2 Cases ITHIFTHnl BEDLEYDEILEHZNEAE n2(mol) 85 step THRELFET (T
nl, n2, step LS|
n, PPp REETE SN TLVS Case & PlatForm [2EWLVT nZBBEDILEY (GAS) DHEZE platm) 1255

ELEY.

2 Cases [CHTH nBEBDILEY (GAS) D EZEWHE p(atm) 185 :step THRELFET (T
n, PPp, step* s2sB) . f=&Z1E 3,PP0.1,80.1 EAALTAHTTFESL, (PPEO.1DOEIZAR—RIE

ANSNEEA)
AC Results, Activity & U Monitor 1w FOBEEBUNDEILEY ) T7— (EA) LFET,
CL, n NnZEEDELEMDNEAZREEZY JT7—LET,

CP, n, PhaseName” nZEEDILEY (GAS LI4L) DDA EI% PhaseName (X=F3|) (CEBELFET,

Q TRTSLERTLET,

*1 step IZTEEESELTIEELET, [Tntl=Tn+step], LML step A XF @ THOHLATWBEFEHREL
TOEFEIZHEY EIF, [Tntl=Tnkstep] LLTFTDZ2DaT Y FZRLTRTTFT&LY, T,1000,10and T, 1000, @1. 1
o< FTOH step LEBRKICEADIEEMNRIEETT ,

*2 PhaseName (& 'Gas' T#H-oTIE%H Y £ A, L PhaseName A¥ Condensed TIRFE - TLVA & Z DB EHE4E
EABENTEDRERHEE LTEHESIAET, TN DGEFERESHOLIEBREINELHEEE LD
FEIDILEMEBEBRRELTEDELTHESINE T, Z 2 TO PhaseName IZ[XZXEAXFEESHLHIIENTE
FEADTITIEET SV, F-TOVSLIEKRXE, INEORBIZLTHWERA,

Settings Shortcut : None
Settings A —a—I[& Setting 74— LERTLUTDINSGA—FEZHRETH_ENTESDLSIZHYET,

Initial value(mol) for Partial Pressure Settings (Default is 1E+3)
ANILLRILYE—FRIZBVWTHIRBIEEMZOVWTHEEZ PP T U RICKYRETSHETOT I ALK
BEIMICC C CHRESN-EZNHARKELHE L THENET, LOALROMEEELFREBLERENDESIE
CC CRELGEERELENGEESDTREICBELT HINENERT I EIFVZFEEA.



Number for Too Many Rounds (Default is 100)
1Case IZF-WI BHERATEDAES YV RN I THRESNTWWAEIHZHWZ THIEREEILERE
SNLEMEEFREEINEFS, Status of Convergence ZEHBLTTEL, COREELBOIT I LITKY
HESO U RHZESLOICEOLTAHDICENTEEFT, E LU PHITEOTDOTHIGKRDRE LGS
LSBLTTSULY,

1)y FOBEE Shortcut : None
Colors of Grids A=Za—IC&kY AL UI—FBEEY TSV I+—LDET )y FOBERZ IO Y R
EIZTHRATARTEEST, COA=—a—%FESNE Color palette popup menu in Grids?” EELNTL B4 4
7ATRy Y ANEN Yes" ZBIRTBELT VY RFETEV YV IIZEDBRYT7y TAZ 2 —HEERER
DAZ1—IZEDLYET, ChIZKYZFDT) Y FOREEHOBEEIRT L ENTEET, EESII-RIE
Save Project ICKYRFESINFET,
BEODAYV Yy A*=a—IZRFIZ(E Colors of Grids * Za—IZHEWT ' No"ZBATTF S,

BEAAT—FRD Nonitor 51y FORERIETTS Y b7+ —LD Engine Monitor 1) v KIZFE 7= Monitor
1) KD Case DflE Cases ) v KM Case B ERLERIZAY FT,

HELP

Help Shortcut : F1

Help (X gem I CTEIZFI ¥F—THRENFE T,

Malt Homepage Shortcut : None

Malt Homepage A —a—ILPCA A 2 —2y FIZEKIATULNIE MALT DR—LR—2
(http://www. kagaku. com/malt/) ZR=<LE T,

About Shortcut : None

About *Za—IF gem DN—2 3 VIEREZFEBRBRERTT A7 NV MRV I RERRLET,



Error Message References
IS5—Fyvt—o

Abort—-Too Many Loop in a convergence cycle
HEMNAFTIL—F o b iRITHEEL,
NEFE7LT) ALLEBGHEKRETTOTHOMEETHELTT S,

Can not be changed to GAS.
CP (Change Phase) v > FTRMIEICERT S LIETEE A,

Compound n Invalid number
NnEBDELEMOUNHEILBOIEENTEYERIELTY,

Compound n is out of consideration.
NBFEEHDILEYMEIZDEETEEENLELG>TVET, ROoTHHELHREZRTET S LEITEEEA,

Compound n Partial Pressure Settings are Invalid under Gibbs Mode.
NnBEDILEWIZOWT : PEREFAILLKRILYE—RTOHAEETT,

Compound n This Phase cannot be set Partial Pressure.
SEERTEIIK[MEEDAHIZDLNTHAETT .

MALT 1/F Error<FunctionName#n>ErrorCode=m
MALT &DA 2R3 —T T —RIF—T9,
UTOWTNDTr—RTH> THRZEEMHEICTERT UL,
For reference only.
MALT |/F Error<FunctionName#n>ErrorCode=m

FunctionName :
Initialize
GetThermoData
GetStoichiometry
GetNameRangePhase
#n : n is code identifier in the program.
m : ErrorCode
Normal

o

3 MALT has not yet any compound handle, failure of initialization

4 not initialized yet

5 compound handle is not specified

6 : the compound handle set is zero or more than the number of available compounds

7 © the compound handle set is different from the currently specified handle

8 there is an error in specifying temperature

9 : specified temperature is out of range (for the case of PhaseNo=0; specifying stable phases)

10 : specified temperature range number is out of range (for the case of no existence of specified number
by CL)

11 :© there is an error in number of calculation temperatures or in number of compounds set by CH

12 : the size of data buffer area is too small



Malt Interface File is not Opened yet
gem|ITAD IO b T7AILEmed 74 ILEBENTE ST MALT Direct ICKBT—42EBELELTULEREA,

Mass Balance Error
CHNFBREDRDBZECHEERFINOHPICIYRIETEHAWVWKEZWVWET, =& Z (X H20(gas) .
H20 (condensed) . OH(gas) D SFEDILEMMN L EHFREEZ OH DWHAEEL LT Iimol 5xF-ELFET, D5
EEERFUNZEZLENSHD 1EAH0 LG5 LIETEFEANLZIDORMITHRILEFR A,

No Reaction
ROFTARTOIEEYMHA L EFE > RETEEFFA, CNIFERHAORIZDVVTOHFELDEDTT,

Number of Mixture Phase can not exceed 30
BAHOMIZI3OEHAONEFAL, BHOHLTTSLY,

R cannot be used in the first case
'R’ IXBTED case DHEHBEFZk LTI DT Casel THEAIEILEELTR (or 'r') ZIEFET A EIE

Range Error ni1<Parameter’ s Name<n2
FOREDINTGA—Z—[E nl d n2 FTTOHOEOEHEETHFNIEGZY FTEA,

Size mismatch
HBH57)y FOBRGEDODHNEZIE—LANDEREFHICR—RFLES5ETDHEETR—X FEFTHITOE—
TTITHOEHENE(E 1 THELLTEHEST ., M OFNHBLEROELEFH - LTWEIRELAHYET, COEHEHL
- EINTUOWEWMEERTRTINE T,

Some Gompounds are fixed.
RERERIZTILIVHREDENERIE LBWMEEYNEENEBEDEENTET, TN T K 55
BEEmITLET,

This phase can not be specified.
CP (Change Phase) A< Y FTIIRHEEZIRET A LIITEEHA,
»5ULME PP (Partial Pressure) A< Y FTIESHEBLMNMEET A LIETEERHA,

Wrong format of matrix
H55)y FOERGEFEDAREZIE—LAOEIRGEHAICR—RA ML ES3ETEHEEV Yy TR—FLEIZEWL
TTBELUCRLF ICKYBA -2 EILEATHOBEHTHWMEEICRTINET, ChFaE—ThT )Y K
THEWESIBBEICEIVEINI VLG ECEREFEZOE— LIz ETHEAICEANECASE SR
ElZ. ZDES5BERICTHEL TR ELAHY DAY E—UAHTLEVNET ., COLIBEZEF11TTOH
ANMETHFDAE—R—XFLTTFTELY,

Zero for the Element 'ElementName’ .
"ElementName’ TREIN-THRZEL TR TDLEYOHNHENOTY, COZBENHTE KBS XFFEEHET
LEd,

Zero System
FTRTDILEYDODHEN O TT,



Algorithm in gem
The Algorithm used in gem for calculating the minimum point of G,
Gibbs energy of the system.

A unique algorithm has been developed for gem in order to solve chemical equilibrium problems in general.
This algorithm is mainly based on the gradient projection method with aids of some concepts in linear
programming. This algorithm neither needs any estimated initial values other than derived values from the
input quantities for reactant mole numbers, temperature and pressure (or volume), nor passes unreasonable
states in which mass balance equations will not be satisfied. Therefore, this leads to excellent stability in
finding the solution.

1. The problem
Let the system consist of n compounds and m elements. Then, the problem can be described as:

Minimize the Gibbs energy of the system

n n n
G = Y@RDX + YXiln(Xi AYX) (1)
=1 =k FK

where x: the quantity of the 7th compound (mol)
the 1st to (4~ 1)th compounds are condensed,
and the rest of compounds are gaseous.
P. Pressure (atm)
T' Temperature(K)
R Gas constant
gi'Standard Gibbs formation energy of the i-th compound at temperature 7
In : natural logarithm

subject to
anxitaizxet.. . amxn=h (2
as1x1+azexet.. . +amxn=h
ami1xi+tamexet. ..+ amnxn=bm
and
x>0 ~1,..,n 3
where

aji: stoichiometry coefficient of the ;-th compound for the jth element

We will use vector notation, and use primes () to indicate the transposes of vectors and matrices.
Equations (2) can be written as

AX=B ©)
where
X= [x,x, .., xl
Al aii, a1z, ..., din
A= Az [= | a21, az, ..., ax
Am 4ml, dm2, ..., mn

Bis constant vector which is given by initial quantities in the system.



The steepest descent vector of G'is
-gradG= — [0G/oxl]

We will use this vector and find the minimum point of G under the constraints of
(2) and (3). Here, we assume the G'is convex in all area defined by (2) and (3).

2. The gradient projection method
If we project the vector -grad G into the space that satisfies (2), the moving point along that direction is
always satisfying the mass-balance law. Let {4i} be the space spanned by the vectors A1, ..., Am, and Sbe
the space which satisfies (2), then {4i} and Sare the orthogonal complement of each other. In other words,
if we subtract the components which belong to {4i} from -grad G, the resultant vector belongs to .S. Hence
we first transform the vector series Ai into the orthogonal vectors Zi by the Gram-Schmidt
orthogonalization.

Then, we obtain the vector ¢ as a result of the subtraction of the Zi components from -grad G.

3. One stage of calculation for convergence
The initial point of calculation xo is given as the quantities of input materials, and we derive the vector ¢
as above mentioned. The next problem is how far the point should move along that direction. We can
derive

c=QQ'1QHQ' where H=[02Gloxox] (4)

and adopt X= XO+c@ as the next point based on the ordinary principle of the steepest descent method.
This point i1s, however, either over-going or short-going in general. In order to examine which situation is
the case, we make the inner product of -grad G at X and ¢. If the inner product is negative, the point is
over-going, so that we will adopt some inner point between X and X0. If positive, we will go farther.

In the present algorithm, an inter(extra)polating coefficient for each case is given as functions of ¢, @ and r,
which will be described later. By successively applying this method, we finally obtain the point on this
direction as the next point where the norm of the inner product is less than an appropriate threshold value.

4. Linear programming
In principle, the gradient projection method is the core of this algorithm. However, we cannot always
move along the direction of @ because of non-negative constraints (3). Moreover, if we handle all variables
equally at a calculation stage, there would be some problems arisen from the fact that each variable has
the value of quite different order.

In order to avoid this problem, our program has employed some concepts utilized in the linear
programming. In the linear programming, the movement of point on the convex polyhedron is restricted
such as the point should go to the adjacent point only at a calculation stage. That is, the space in which the
point is movable in a calculation stage is restricted within one dimensional space including the point.

In our program, the space is being restricted in one dimensional subspace of S. Actually, we make one
calculation stage under the condition that (n-m-1) variables out of n variables are regarded to be fixed as

constant.

In the next stage, the variable which has the smallest value in the resultant variables is fixed and we take



into account the oldest variable which has been fixed earlier.
Initially, the bigger variable will be served earlier.

For the non-negative constraints, let

r=minix/| ¢| : ¢<0} where [¢l=@ (5)
and when ris smaller than cin (4), we use this rvalue instead of cin order to avoid negative variables. In
the case of =0, no calculation is made at the stage and the variable x; which is 0 and ¢ <0 will be fixed in

the next stage.

This calculation is iterated until the difference of each variable over n-m successive stages becomes less
than 1/10000 of the value.

To confirm that the point satisfies the condition of minimum, the program outputs the norm of the
projected grad G (for 7 xi >0 ) on .S. The smaller value indicates that the solution can be regarded as more
precise.
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