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(57) Abstract: The present invention is a synthetic gas production system for turning a natural gas into a synthetic gas, and can provide
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a catalyst for producing a synthetic gas, and in which steam reforming of methane and carbon dioxide reforming of methane occur
simultaneously, wherein the catalyst is formed to include two or more holes and comprises: a support material comprising at least
magnesium (Mg) and aluminum (Al); an activity promoting material comprising at least cerium (Ce); and an active material comprising
at least nickel (Ni), wherein the O, storage amount of a metal, which is the active material exposed on the surface of the catalyst, and
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&to] = 2 EALo] E o] Mg-Al 44131291 PURAL MG30(sasol A+ Al 3,
H| W A2 #4250 mYg 01739, o1&, "Mg-Al"ol g} eh& o] &ato] o w
A FolH E| o] EE o] &3}o] Ce F40] AA A2 v T4 thy] 6 %7}
¥ L E shal s A o] YA AFA 2 A YA o] EF o] E(Ni(NO;),6H,0) 5
ol-gste] AA Az FHvl FA ti¥] 15 FH%E HAStL A7 E
o]-g-a}o] 70 °Col A 12412t 1 HkEE o)) v 91 =& A 718k a1 100 °C 2
QE-o| A 243t o] A3 T o] F, B 7 91961 & £33} 4] ball-milling
21912 104 7F 7 3 5} 31, Ball-milled 9-9-T] & o] 8-3}o] spray dry 34 <
A8 ael et 3 9] spray-dried IF$-T] & 0] 838}0] 4-hole 3 B o] Zu)| =
A8 8ka1, 1200 °Coll 641 75 9F Al 8ol 2% S 91 Ni-Ce/Mg-AlE

A8k A

(4) ¥]alef 3

HA, v aleo) whE Zulj o] XA A 24 MgO/ALO; 5 %FH| 7} 3/7 <1
sto] = 2 EhALo] E 2 9] Mg-Al 441 3}2 21 PURAL MG30(sasol A A 3,
H] 30 4 & 24 250 mi/g ©143L, o1}, "Mg-AL0" 0] 2 §hy & o] &5}
Y02 A FolAEO| ES o] §3e] Co Férol AA AxH Ho 7] o]
6 TH%7t ¥ %5 shaL B Ao YA AT A 24 YA o] E 7 o] E(Ni(NOs),6H,
0)& o] &3sto] AA Alzxzg FHu| FA v 15 TF%E TAt 327 &
o]&-8Fo] 70 °Coll A 1241 7F wakak o Eulel 28 A 7] 8k 100°C2)
Q2o 4] 24A13F o] 4 71 2B SI T o] Foll 12 @ FHTI & o] &3] L-hole]
AN AYstar, o] W 55 Fvl AP Ao 4 L5t 1.57g/cc ¥ EF 8l
°] % 1000 °Coll 61| HE <t A/d 8ko] HF S| Q1 Ni-Ce/Mg-AlE Al £33 T

yl‘N[‘

©

(5) Hl e 4

WA, W atef o] whE Su) o 2] A] A = A MgO/ALO; 5 @H| 7} 3/7 21
sto] =R YAl E 2 9] Mg-Al w4413 <1 PURAL MG30(sasol A+ Al 4,
H] 359 22 # & 250 mYg ©1/d <), ol 8, "Mg-Al-0"°] 2} ¢h)& o] &35t
W o2 A FolAE Ol EE o] 88te] Ce o] AA] Alzg Zvf 7] thy]
6 T F%7F H 525 shal F AT YA AT A 24 YA o] E g o] E(NI(NOs),-6H,
0)% ol&sho] A A Alzd Sl 77 tiH] 15 TF%E wAlsta A z271 =
o]-g3te] 70 °Coll A 1241 7F 1wk ol v Q1 =& A 7] 8kar 100 °C2l
QB0 A 24X 3k o] A} 71 &8 o) 850 °Coll 64 IHE S AAdEle] HE Fuf¢l

2

Ni-Ce/Mg-AlE #| 25} t}.
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[73 7] A A ol 2B ale] & Eaf Al Eu)e o] n A& & 1o VeI
[74

|

|
[75] Ao 1-FAE AL o] EA 4

] Sujol v i A s ¥ 35 =24 SA4%S EAI8H] @l Surface Area
Analyzer (BEL Sorp Mini II, Japan., Inc) & A}-& 3+ T}, 200°C, X &/ e ol A Al &
x| e S A7E] A Ay tg e 713 F 77K w2
vEol A ALE FHAANTIH 1 s S8 ste] S o] v A2 Ao

Ee Al S-S S48
[77] 2 A RS A 7] Y8l ASAP 2020 (micromeritics) 4 H] & AF8-3F T
A2 A A 2R WL 7500000 A A S 31981 0] T &2 400CE
A7 o] F- 4000Coll A AFA AR S 578 8Ho], Nigl NiO &= 9]
’&iiE%‘Eﬂr Al o] AR R F S ST ol & v el AF S A A A
FE 54T ZH, NiS NiO & 29 A AR TS

2pol & A FQ A BGEEo 2 A Akskl )
3t o] YERH AT



WO 2019/050335

[78]

[79]

[80]

10
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[3E1]
AAe 1 | Blale 1 | Hale] 2 | Blule] 3 | Hlxnlo] 4

Zu] A8 o]} | A3 04-hol | A 8 04-hol |4 3 04-hol | A H O1-hol | A & Xpowd

€ € € € cr

Ni/Ce(mol/mol) 0.2~2 1.8~2.8 2~3 0.1~1 0.05~3.0

Ni/NiO(mol/mol) | 0.1~1.3 | 0.02~0.3 | 0.02~0.08 | 1.5~2.7 |0.001~0.05

$+3 7 5 (Mpa) 39.52 54.8 72.2 39.6 -

H] W 4 (m¥g) 55.19 10.80 3.33 33.1 85

nfo] A 5 Al 6.42 2.00 0.70 5.69 7.22

¥ 4 (m¥/g)

Z 7] & =¥ (cclg) 0.275 0.079 0.025 0.155 0.21
Bl 18.65 32.65 33.46 19.88 11.5
=171 (nm)

H, 40.4 5.40 2.48 30.9 33.5
3} 8k & 2 (umol
Hy/geu)
Ni ¥4 (%) 3.16 0.84 0.19 2.37 2.63
CO 3}s} FA=F 64.9 5.4 2.19 48.9 53.45
(uwmol CO/g..)
CO/H,H] 1.61 0.98 0.88 1217 1.34
% A (umol NH; | 191.0 48.05 27.2 145.1 179.6
/€eat)
% 91714 (umol 177.0 33.23 15.6 34.96 142.6
CO»/geu)
= % umol H| 13233 1189.7 1168.8 1280.8 1309.4
o/ Gea)
% 0, T &% umol| 721.6 258.7 182.1 558.1 581.4
O/ geu)
0, A& (umol 64 8.96 0 33.2 39.2
Oy/gea)
*(AhA A7) = (750°Co A Full B T 400°C ol A 9] F 0, & 2H)-(400°
Coll A Zull Al -4l 400°C o A 2] F= 0, & 2H3)
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[81] AR 2-FATE AE A|2H

[82] Fatoll A HFSE 2= CH,: CO,: H,0: N, o & H]-g— 1 04:16:19 H]& =
nAste] REg7| &2 Flste] A RES-S kgl vhe-& el etr] Al
1] 0.5 g 3| A A It F L} 0.5gS T U sHA :&%%M A REZ 7]l
Q1 8kl 700 °Co] 42(5 -3 BHL/N) 9171 Stell A 341 ZF k4 + 2] 3 -9
HE-S-2- 5 730 °C BE+= 830 °C, WH5-$ 3 0.5 MPa, 3 7F:5 5000 L(CH,)/kgcat/hr2]
2710 A BEg& sl o, AEE 54 A3E sh7] & 2(RES 25 730°C)
2 37 3(HF2- 5 830°C)0l LFEFH AT

[83]

[84]  [¥2]

Al 1 Bl aLe] 1 Bl L] 2 ] ale] 3 Bl alo] 4

CH,H |CO,% |CH A |CO, A |CHL A | COH |CHL A |CO A |CHL A |CO, 7
sE | $E | S | BE e #3888 |8E |98 |88

R R R R R R R R R R

OAIZE | 72.1 |-13.1 | 67.8 |-14.4 |63.2 |-15.1 [69.4 |-13.9 |71.2 |-134

541%F [ 72.0 |-13.0 | 67.6 |-14.3 |63.1 |-15.0 |69.5 |-14.0 |71.1 |-13.3

10A]gF 721 |-13.1 | 67.8 |-143 |63.2 [-152 |69.5 [-14.0 |71.3 [-13.5

15412k 72.0 [-13.0 | 67.7 |-142 |63.1 [-149 |69.3 |-13.7 |71.1 |-13.4

o

2041%F| 722 [-132 | 679 |-145 |63.0 [-152 |69.4 [-139 |71.1 |-13.4

2541k 722 [-13.3 | 679 |-145 |63.3 [-152 |69.5 [-14.0 |71.2 |-135

3041k 72.0 |-13.2 | 67.7 |-14.5 |63.4 |-15.2 |69.5 |[-14.0 |71.3 |-13.6
35417723 |-13.0 | 679 |[-143 |63.3 |[-152 |69.5 [-13.9 |71.4 |-13.4
4011ZF| 722 |-13.2 | 67.6 |-145 |63.0 [-15.0 |69.2 [-13.8 |71.1 |-13.4
45X1ZF1 722 [-13.2 | 679 |-145 |63.3 [-152 |69.3 |[-14.0 |71.1 [-13.5

5041k 72.2 |-13.2 | 679 |[-145 |63.3 |[-15.0 |69.4 |[-13.8 |71.2 |-13.4

[85]
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[86]

[87]
[88]
[89]

[90]

[3£3]

-

| AAd H] 1] 1 H] 1l ¢ 2 H] Lo 3 H] 3l o] 4

CH,H |CO,H |CH, A |CO, % |CH, A | €O, 7 | CH, A | CO, A |[CH A (€O, 3
sE | BE | e | $e | e | 38 | BE | 2E |38 | 88

R R R R R R R R R R

OAZF[93.3 | 185 |87.7 | 169 |82 |162 [89.8 [17.6 [92.1 |18.2

5A%F1934 | 184 |876 |17.0 823 |16.1 [89.7 |[17.6 |92.0 | 183

10A] |93.4 | 184 [87.7 |169 [823 |16.1 [89.9 [174 |92.1 |18.1

154] 1932 | 187 [87.6 |17.0 821 |164 |89.7 |17.6 |92.0 |18.4

204] 933 | 185 |87.8 |168 |822 |[162 |[89.7 |17.5 |91.9 |18.1
3k

254 1934 | 184 |87.8 |16.7 |823 |16.1 |89.8 |17.5 |92.2 |18.1
3k

3041 | 93.4 | 184 |87.6 |168 [823 |16.1 |89.9 |17.4 |923 |18.1
3k

3541 193.4 | 185 |[87.9 |17.0 |[823 |162 |90.0 |17.5 |92.2 |18.1
3k

40*4] 1931 |18.6 |[87.8 | 168 820 |163 [89.7 [17.5 |91.9 | 183
3k

454 1932 | 184 |87.8 |168 |82.1 |16.1 |[89.7 |17.4 |92.2 |18.1

7k

50A] 933 |186 |87.8 |16.8 [822 |163 [89.8 |17.5 |92.2 |18.4

7k

AANA3-gA FJH Z2A FAE AFAILHEH

TEFRNA WS EZECH, i CO,: N, EHE1:1:1 9 v&2 1435y
HES-7| 2 9l 8t o] /A ukg-& =3 3F5l ) w52 =3 3h7] Aol Svj 0.5 g3t
S| A AN b ek F L} 0.5 LA E&EFe] A RS T o <9 slar 700

°Co F4(5 FI%H/N,) w9 7] ol A 34 ZF $H9l 2] 2] 3 2-o] /-3 5= 730 °C
= 830 °C, BE3-$HH 0.5 MPa, 314 5 5000 L(CH,)/kgeat/hr&] =71 of A
W3S Tt on, s SA A9E o] X 4WE 25 730°0) R &
5422 5 830°C)°l] LFEF STk
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[91] [3E4]

TE | AA A H] 34 1 H] 3¢ 2 H] 34 3 H] 3l 4
CH, A |CO,A |CcH,A |CO, A |CH,A |CO,A |CH,A |CO,A [CH,A | COo,A

g (e (FE (e e (e e shE | 3hE | Sk

R R R R R R

5A1%F|81.6 | 586 |76.7 |554 |715 |52.1 |78.5 |356.6 |80.6 |57.7
10A] | 81.3 |584 |758 |546 |704 |51.1 |77.5 557 |80.0 |57.1

154] |80.9 |57.9 |744 |533 |688 |49.6 |76.5 |54.8 |79.5 |56.7
3k

204 [80.5 |57.6 |732 |523 |674 |484 |753 |53.7 |78.6 |55.9
3k

2541 795 |56.8 |72.1 |513 |66.1 |[47.2 |744 |529 |77.5 |54.9

7t
[92]
[93] [35]
TR AAA 1 H] 31l 1 H| 31l 2 H] 34 3 H] 3l 4
CH, A |CO, A |CH,A [CO, A |CH, A |CO, A |CH, A | CO,A |CH,A [CO,A
s | 3E (e | s | 3E (3 (e | 3E | 3E | 3
5A1%F189.4 |79.0 |84.1 |743 |787 |70.0 |86.0 |75.0 |88.3 |77.9
10A] | 89.1 |78.8 |83.1 |734 |775 |689 |849 |740 |87.6 |77.3
7t
15X] | 885 |78.3 |81.5 |720 |758 |673 |83.8 |73.0 |87.0 |768
7t
20A] | 882 |78.0 |80.2 |708 |742 |659 |85 |71.8 |86.1 |759
7t
25A] | 87.1 |77.1 |79.0 |698 |72.8 |64.7 |81.5 |71.0 |84.8 |74.8
7t
[94]
[95] Ao 2-8t4 AH A FAZ2 A XA &4 F A
[96] Al 3 A7 Sl o] ghA A S WA 817] 98l Thermogravimetric Analyzer

(SDT 600, TA instruments (USA)) AF-8-3}F31 T}, 30°Cel A4 1000°C 7}A] airE
saote]l AR A BATS Sg5te] g HAFS At e, 5] &
6(HF-5 <5 730°C) 2 3% 7(dH-3- 5 830°C)ol] Y EF AT
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T4
AT AR GRS Az AL EE S A,
Hol = k1| (M) B FR AN Eebohiz AA 2, Aojx

AFCeS Eoet s BAZAER 2 2o 5 YAN)ES Eeh

gy EAe Egstal,
A7) Fule] e wEE A F5 2 FYHAEA
AbslE-2] 0, Aol 60 W A] 70 wmol Oy/g., 1 A S 57 02 8l
Aol 2019 & x3tsti= HElE A E A7~ Al2g S

[%d 73 2] A1ael] oA,
7 AT A 2E SulE nde AL FE5M,), 2AEZ Y
AFEE(M,0), 25U EA0 F5M) R 2450 =4 9 s,
0)9] Aok ARE =FA 7= ol A& 5 o7 ah= 447t~
Al g Zuf.

[ 3} 3] A2kl 3 of A,
7 AT A x2S SulE 3] A EA] F5M)e] Aok ARt
A7) Eu T 1.3 WA 5.6% wE 5 o] A] Suf T =&y
Aol dio] 4 FHHZEA 9 AslEM,0) 5 &3 Sl A&
570 = st A7 Alxg o).

%473 4] A2kl 3 of A,
A7 AT Az SulE Bl =&Y FAEH N FE5EM)T}
A=A EZAQN FE5(M,) e EH[(M/M,)7F0.2 A 291 Sl A&
570 = st A7 Alxg o).

[ 73} 5] A2kl 3 of A,
A7) A7 ARG e A7 A=A FE5EM)I 24 EE Y
2FeE(M,0)2] E8][(My/M,0)7F0.1 WA 1.3 Sl A& EH o
sk A 7E Al 28 F )

[ 73} 6] A1kl oA,

812 7] Aoztell AolA,

(373 8] AATk2ERE GHIFAE Azt FYThe A2 Ao RA,

47 AATAE BiFehis TR, 0
Aol & mhavlMg) 2 dF VI EADS E8ehE (A B, Hoj =
Al (Cors X3tz 2522 9 Aol YA®NI)E F3H8}h=
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