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Abstract

In order to investigate the poisoning mechanism of HCl on cobalt-based catalysts for Fisch-
er-Tropsch synthesis, the thermodynamics of HCI poisoning of cobalt-based catalysts in the tem-
perature range of 200°C~350°C was simulated by using HSC Chemistry 5.0 software. The results

CHERERE

XESFIH: VE, %5, TR, BRI ME BT HC a2 D). PER AL 3R, 2024, 13(3): 523-530.
DOI: 10.12677/japc.2024.133056


https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2024.133056
https://doi.org/10.12677/japc.2024.133056
https://www.hanspub.org/

W

showed that coexistence of cobalt-based catalysts with HCI alone or with CO would be poisoned,
and its toxic product was dominated by CoClz; HCl would not affect SiO: in Fischer-Tropsch syn-
thesised cobalt-based catalysts.
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1. 53|

B A T T B TR SR E AWK, R R S B IR K g R m A, LSRR S X IR AR 4
SO T PRAE A BB AR RS MR A S AT REVR A AR R, I A 4k SR AR B B AR TS T A RS 2
ol BRI A =, AT AERARA T = R 1]

FRFLA I (Fischer-Tropsch) & /£ A 200°C~350°C, £ 7724 0.5~5 MPa ¥4 /< (CO Fl Ho) FEAL a2
[2] [3]. EHBR T AR EH HCLL HoS. PHs. CS; 820, £ SR 255 T S fi
IR VE[4] [5]. BHT, X T 450 51 6D 0 Bl 08 A 1) 3% 32 B R E SR AL AN 84, I B AR
ECCE R B T BUR AL R IE 6] Visconti ZE[718FT 1 ColAlLOs AL R B 88, SEERIER], iE &Y
AL TS I RGBS EIAF] 2000 pglg B2 SEURATITE 4 K% . Saib S [8]WH 5T 1T A FEE A
PR AR PR E A, A ARRM, BRI R RIE B T B R RN & &, RV R T
bRtz Ab, LT 1R E E RV R HCL R B3 22 i TR A TR -

WA E U AR I T EE R PR ANER 0 R TG VE R A . Bk Bl AT RNERREAE N SR G5 UREA TR T P B
gy, BET BRI A, AR AR DU T AL, SRR R )2 SO T k5] [9] [10]. kAL
FEVEAR, & & T AP RBORR[11], A K F-T 8RR 58 WM RV AR e HA G b,
PV —Fh A IR [12] . IRIL, AR SC S B B AL AT 7 Ak, BT RIE AR mT LA
Pt LR MAN[13]. ST A BRI E A £ SiO. AlOs. TiOz. ZrO, % [14]. 1, SiO, [tk
R R, HHTRS4 BN E[15]. ACLL ColSiO AL NI 7L xF %, F%F Co-HCI. Co-HCI-CO.
Co-HCI-Ha. SiO2-HCI. SiO2-HCI-CO. SiO,-HCI-Hy J MAR RBEAT # I EAT5, FEH8 T al e A2 1
RN, ONIE AL TS i R PR AN S L R 2

2. ‘RIOEVES S
2.1. AAETEEM

AR 26 o () R T AL S R e, R A B B e /N R B, SR A HSC Chemistry 5.0 245t
BEBEAEAG HCI 8RR AT BT 5. F SRR I B B ORLGS TT R AR AR P HEAT T b
[16]. THEEIA MK /72 101.325 KPa, i & [ /& 200°C~350°C, FHA KN 10C.

22. BAFESH

2.2.1. Co-HCI & %
& R HCl BAEAERT, S TG 417> Co AT RE A AR e b L2 (1)~(5). [H 1 &i@id HSC
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Chemistry 5.0 #cf: 15545 21 1 s 82 2 (1)~(5) # A1 it B H1 BE(AG) R LA AL I 5< & o &) 1 AR, #E 200°C

~350°CH, ZARAURBL(L)H) AG <0, HARXBIF AG>0. HILATH, KB(1)6EH KA #T, HCI

BAMAFAE RS 2 S EEH M ARG, CoCl RIZM R AR P . JAh, &N AG BEWR S #TH =
b, RYITH il E Re 22 A Bl L AL R 0 2R

Co + 2HCI(g) = CoCl, + H2(g) @

2Co + 2HCI(g) = 2CoH(g) + Clx(g) )

Co + 3HCI(g) = CoH(g) + 1.5Clx(g) + Ha(g) 3)

2Co + 2HCI(g) = 2CoClI(g) + H2(q) 4)

Co + 4HCI(g) = CoCl, + 2Hz(g) + Clz(g) (5)
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Figure 1. Relationship between Gibbs energy and temperature of equation (1)~(5)
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2.2.2. Co-HCI-CO &%

R H HCI 5 CO JLA7 I, S b7 g R4 5 Co mlRE AR ZE 1 5B L3R (6)~(12) » [ 32 2((6)~(12)
FISEAT T B A SEE R R ILE 2. HE 2 A HL, 78 200°C~350°CHY, iZ4Ak & AR (6)[) AG < 0,
HARRME)AG>0. FHik, RNMA(6)FEHAKIAL#IT. CF CoCly & &Mk &7 1 HE=4)

3500 - G+

3000 - =0 () A® v 0O
—0o—(10) ——(11) —»—(12)

2500 |-
2000 |-
A A A A A A A A A A A A A A A4

1500 |-

AG/KJ-mol?

1000

500 )
—

VTV VY
0

1 1 i I
n n N n ) 1 " 1 n 2 n
180 200 220 240 260 280 300 320 340 360

T/°C

Figure 2. Relationship between Gibbs energy and temperature of equation (6)~(12)
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Co + 2HCI(g) + CO(g) = CoCl,+ H,0(g) + C (6)

2Co + 2HCI(g) + 2CO(g) = 2Co0 + 2CCI(g) + H2(g) (7)
3Co + 4HCI(g) + 4CO(g) = Cos04 + 4CCI(g) + 2H(q) (8)
2Co + 4HCI(g) + 2CO(g) = 2CoCl, + O4(g) + 2H,(g) + 2C 9)
Co + 2HCI(g) + 2CO(g) = CoO + H,O(g) + 2CCI(Q) (10)
3Co + 8HCI(g) + 8CO(g) = Co304 + 4H20(g) + 8CCI(g) (11)
2Co + 2HCI(g) + CO(g) = C + H20(g) + 2CoCI(g) (12)

2.2.3. Co-HCI-H. k&

R ZH HCL 5 Hy JLA7F, SR R RvEPELL 5> Co mTREAR A R B L (13)~(14) . ¥ 3 f2 Bk
(W)~ HE AW H HEESRER LR, HmE 3wk, WARNK AG 5EE 25K, IFH AG >0,
RIZRINRNAGE E R AHBET, A2 i 2 i 2.

4Co+2HCI(g)+H: (g)=4CoH(g)+Cl2(g) (13)
4Co + 2HCI(g) + Ha(g) = 4CoH(g) + 2CI(9) (14)
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Figure 3. Relationship between Gibbs energy and temperature of equation (13)~(14)
Bl 3. XW3)~(14)MEH T EHESEERNXER

2.3.Si0. #H{x5 HCI, CO, H X HFRUAFIRBER

2.3.1. SiO2-HCI 5 &

2 SiO, VE N EALTI AR, 4R R AP AUAEAE HCL IS, HLnl gk A i e S K (15)~(36) . 4] 4 2 e BE
(15)~(36) 135 A i F HAE SR E X R . 7R 4 1 n] DUER 3 7E 200°C~350°Cyis Bl I I, BT e 22X i)
AG>0, H AG 5EEMANAHE. HILRE, HCI AL ik Sio, = E5m .

Si0, + 4HCI(g) = SiCl(g) + 2H,0(g) + 3CI(g) (15)
SiO, + 4HCI(g) = SiCly(g) + 2H.0(g) + 2CI(g) (16)
SiO, + 4HCI(g) = Si + 2H,0(g) + 2Clx(g) (17)
SiO; + 4HCI(g) = SiClx(g) + 2H20(g) + Cl2(9) (18)
2Si0; + 8HCI(g) = 2SiCls(g) + 4H.0(g) + Clz(g) (19)
SiO, + 4HCI(g) = SiCla(g) + 2H.0(9) (20)

SiO2 + 4HCI(g) = SiCls(g) + 2H20(g) + Cl(g) (21)
2Si0; + 2HCI(g) = 2SiCI(g) + Hz(g) + 204(9) (22)
2Si0; + 2HCI(g) = 2SiCl(g) + H20(g) + 1.502(g) (23)
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2Si0; + 4HCI(g) = 2SiClz(g) + 2H20(g) + O2(g)
4Si0, + 12HCI(g) = 4SiCl3(g) + 6H.0(g) + 02()
SiO, + 4HCI(g) = SiCla(g) + 2H2(g) + O2(q)
SiO; + 4HCI(g) = SiCla(g) + H202(g) + H2(9)
SiO, + 5HCI(g) = SiH(g) + 2H20(g) + 2.5Cl(g)
SiO; + 8HCI(g) = SiH4(g) + 2H20(g) + 4Cl2(g)
Si0, + 2HCI(g) = SiO(g) + H20(g) + Clx(g)
SiO, + 4HCI(g) = Si(g) + 2H20(g) + 2Clx(g)
SiO, + 4HCI(g) = Si + 2H,0(g) + 2Clx(g)
28i0; + 8HCI(9) = Si2(g) + 4H20(g) + 4Cl2(9)
3Si0, + 12HCI(g) = Siz(g) + 6H20(g) + 6Cl2()
SiO, + 4HCI(g) = SiCla(g) + 20H(g) + H2(g)
Si0, + 2HCI(g) = SiClx(g) + 20H(g)
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Figure 4. Relationship between Gibbs energy and temperature of equation (15)~(36)

B 4. K(15)~Co)MEMATERESREMXR

2.3.2.Si02-HCI-CO & &

(24)
(25)
(26)
@7)
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(30)
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(34)
(35)
(36)

SiO; #ifk 5 HCI F1 CO A7y, = H AIae A i RN W (37)~(78). &l 5 /& R M x(37)~(78) 1 i
WrE R SRR, HIE 5 A, 1E200°C~350CH, B RN AG > 0. K, Z&RNKR
AN R AT, A BT HRE SR CO A4 R S HCI JLAER AR S0t 44k Si0, 774 52

2Si0, + 2HCI(g) + 3CO(g) = 2SiCl(g) + H20(g) + 3CO(g)
SiOz + 2HCI(g) + CO(g) = SiClz(g) + H20(g) + CO2(9)
2Si0, + 6HCI(g) + CO(g) = 2SiCls(g) + 3H20(g) + CO2(g)
SiO2 + 4HCI(g) + CO(g) = SiCla(g) + H20(g) + CO2(g) + Hz(g)
2Si0; + 6HCI(g) + 3CO(g) = 2SiCla(g) + H20(g) + 3COx(g) + 2H2(9)
SiO; + 2HCI(g) + 2CO(g) = SiClx(g) + 2C02(g) + H2(g)
2Si0, + 2HCI(g) + 4CO(g) = 2SiCl(g) + 4COx(g) + Ha(g)
SiO; + 4HCI(g) + 2CO(g) = SiH4(g) + 2Clx(g) + 2C0O2(g)
2Si0; + 6HCI(g) + 4CO(g) = SizHe(g) + 3Cla(g) + 4CO(g)
SiO; + 2HCI(g) + CO(g) = SiO(g) + Hz(g) + COx(g) + Clx(g)

(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
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2Si0, + 2HCI(g) + 4CO(g) = 2SiH(g) + Clx(g) + 4COx(q)
SiO, + 3HCI(g) + CO(g) = SiH(g) + 1.5Clx(g) + CO4(g) + H20(9)
SiO, + 3HCI(g) + 2CO(g) = SiH(g) + 1.5Clx(g) + 2C0O4(g) + H2(g)
SiO, + 6HCI(g) + 2CO(g) = SiHa(g) + 3Cl,(g) + 2CO(g) + H2(g)
2Si0; + 10HCI(g) + 4CO(g) = Siz2Hs(g) + 5Cl2(g) + 4CO2(g) + 2H2(g)
3Si0;, + 2HCI(g) + 6CO(g) = 2SiH(g) + SiClx(g) + 6COx(q)
3Si0; + 4HCI(g) + 6CO(g) = SiH4(g) + 2SiCl(g) + 6CO4(q)
5Si0; + 6HCI(g) + 10CO(g) = SizHs(g) + 3SiCla(g) + 10CO,(g)
2Si0; + HCI(g) + 4CO(g) = SiH(g) + SiCl(g) + 4C0O(q)
5Si0; + 4HCI(g) + 10CO(g) = SiH4(g) + 4SiCl(g) + 10COx(g)
8Si0, + 6HCI(g) + 16CO(g) = Si-Hs(g) + 6SICI(g) + 16CO,(q)
3.5Si0; + 6HCI(g) + 7CO(g) = SizHs(g) + 1.5SiCla(g) + 7COx()
2Si0; + 4HCI(g) + 4CO(g) = SiH4(g) + SiCla(g) + 4CO2(g)
5Si0; + 4HCI(g) + 10CO(g) = 4SiH(g) + SiCla(g) + 10C0O2(g)
4Si0, + 3HCI(g) + 8CO(g) = 3SiH(g) + SiCls(g) + 8COx(q)
4Si0; + 6HCI(g) + 8CO(g) = Si2Hs(g) + 2SiCls(g) + 8CO2(g)
2Si0; + BHCI(g) + 7CO(g) = SizHs(g) + 3COCI,(g) + 4CO,(g)
SiO, + 4HCI(g) + 4CO(g) = SiHa(g) + 2COCIl,(g) + 2CO2(g)
2Si0; + 2HCI(g) + 5CO(g) = 2SiH(g) + COCIx(g) + 4CO2()
2Si0, + 2HCI(g) + 6CO(g) = 2SiH(g) + CClx(g) + 5COx()
SiO, + 3HCI(g) + 4CO(g) = SiH(g) + 1.5CClx(g) + 2.5CO4(g) + H.0(0)
4Si0, + 4HCI(g) + 10CO(g) = 4SiH(g) + CCla(g) + 9CO2()
SiO, + 4HCI(g) + 4CO(g) = SiH4(g) + CCla(g) + 3COx(q)
SiO; + 16HCI(g) + 4CO(g) = SiHa(g) + 4CCl4(g) + 6H.0(g)
2Si0, + 28HCI(g) + 7CO(g) = SizHs(g) + 7CCla(g) + 11H,0(g)
Si0; + 10HCI(g) + 2.5CO(g) = SiH(g) + 2.5CCl4(g) + 4.5H,0(g)
SiO, + 25HCI(g) + 10CO(g) = SiH(g) + 5CCls(g) + 12H20(g)
5Si0; + 5HCI(g) + 2CO(g) = 5SiH(g) + C2Cls(g) + 602(g)
Si0, + 6HCI(g) + CO(g) = SiC(g) + 3Clx(g) + 3H.0(9)
SiO, + 6HCI(g) + CO(g) = SiC + 3Clx(g) + 3H20(g)
SiO, + 2HCI(g) + CO(g) = Si + Clx(g) + H20(g) + CO2(q)
2Si02 + 4HCI(g) + 2CO(g) = Sia(g) + 2Cl2(g) + 2H20(g) + 2COx(g)
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Figure 5. Relationship between Gibbs energy and temperature of equation (37)~(78)

E 5 REN)~(T8)MEHHTERESRENXR

2.3.3. SiO2-HCI-H. & &

SiO, #ifk 5 HCI A Hy FLAF I AT B & AR 1 e B2 L3R (79)~(88) - 14 6 J2 S b 20(79)~(88) 1) 5 A7 7 H F fig
H5RERXRZ. HIE 6 RH, 7£200C~350°CH, ArE &MNAK AG > 0, FH KD RN AG EHEH

7f 500~1000 KJ/mol. EHILE, 1Z4E RN RN ANEE H & 7437 .

Si0, + HCI(g) + 1.5H2(g) = SiCI(g) + 2H,0(g)
SiO, + 2HCI(g) + Ha(g) = SiClx(g) + 2H.0(g)
2Si0; + 6HCI(g) + Hz(g) = 2SiCI3(g) + 4H20(g)
2Si0, + 8HCI(g) + Ha(g) = 2SiCla(g) + 4H0(g) + 2H(g)
SiOz + 2HCI(g) + 1.5H2(g) = SiH(g) + 2H20(g) + Clz(9)
SiO2 + 2HCI(g) + 3H2(g) = SiHa(g) + 2H.0(g) + Cl(g)
2Si0; + 4HCI(g) + 5H2(g) = Si2He(g) + 4H20(g) + 2Clx(9)
SiO2 + 2HCI(g) + Ha(g) = Si(g) + 2H20(g) + Cl2(g)
2Si0; + 4HCI(g) + 2H(g) = Siz(g) + 4H20(g) + 2Clx(g)
3Si0O; + 6HCI(g) + 3H2(g) = Sis(g) + 6H.0(g) + 3Clx(g)
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Figure 6. Relationship between Gibbs energy and temperature of equation (79)~(88)
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