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Promoters modified FeOOH and their catalytic performances for direct coal
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Abstract: Modified FeOOH catalysts were prepared by a co-precipitation method using Si, Al, La, Ca, Mg, Zr, Cu,
Ni and Co as promoters, respectively. The effects on microstructures, crystalline phase and morphology of the
catalysts were characterized by BET, XRD and SEM. Their catalytic performances for the direct liquefaction of
Shendong coal were evaluated in a 0.5 L stirring autoclave. The results showed that these promoters (Si, Al, Ca, Zr,
Ni and Co) could improve the dispersion of the catalysts and surface area, and then improve the catalytic
performances for direct coal liquefaction. Increasing by 0.7%—2.7% oil yield over the unmodified the catalyst
could be obtained. However, Mg showed no effect on catalytic ability, while Cu and La reduced the Oil yield. The
result indicated that Si, Al, Ca and Zr as the structure promoters could significantly improve the texture properties
of catalysts, resulting in an increase of y-FeOOH crystalline phase with small size which was beneficial to form
active phase (Fe;,S). Co and Ni as the electronic promoters could activate H, preferentially to promote
liquefaction, leading to the rising in oil yield.
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Table 1 Raw material of promoters for modification

Element Raw material Ratio(X/Fe) Catalyst
Si K,Si0; * nH,O 5% Si/FeOOH
Al AI(NO3); * 9H,0 5% Al/FeOOH
La La(NO;); * 6H,0 5% La/FeOOH
Ca Ca(NOs), * 4H,0 5% Ca/FeOOH
Mg Mg(NO3); * 6H,0 5% Mg/FeOOH
Zr Zr(NO3)4 * 5H,0 5% Zr/FeOOH
Cu Cu(NO3), * 3H,0 5% Cu/FeOOH
Ni Ni(NO3), * 6H,0 2% Ni/FeOOH
Co Co(NO;3), * 6H,O 2% Co/FeOOH
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Table 2 Proximate and ultimate analyses of Shendong coal

Proximate analysis/%(mass)

Ultimate analysis/%(mass,daf)

Mag Ag Vaar c H o” N S

4.46 5.86 3489 79.16 438 15.21 098 027
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Table 3 Results of direct coal liquefaction

. H, Gas H,O Asphalt Oil
Catalyst Conversion consumption yield yield yield yield

’ 1% P % % %

— 81.5 22 1.7 12.6 9.8 49.6
Fe,05 87.8 3.0 124 125 5.8 60.1
FeOOH 89.5 42 123 125 5.6 63.4
Si/ FeOOH 89.4 3.8 11.9 125 3.8 64.9
Al/ FeOOH 89.5 4.0 120 124 49 64.1
La/ FeOOH 88.7 3.6 122 122 4.7 63.2
Ca/ FeOOH 89.4 4.0 123 124 4.6 64.1
Mg/ FeOOH 89.8 4.0 119 124 5.0 63.6
Zr/ FeOOH 89.5 4.0 120 124 39 65.1
Cu/ FeOOH 88.1 3.7 11.7 124 6.5 61.1
Ni/ FeOOH 89.3 4.0 121 1232 28 66.1
Co/ FeOOH 89.9 4.0 11.8 1241 35 66.1
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Table 4 Texture property of catalysts

Catalyst Surfzace . Pore L Ave'rage pore
area/m” * g volume/ml * g size/nm

FeOOH 29.0 0.12 27.83
Si/ FeOOH 123.2 0.41 13.12
Al/ FeOOH 59.3 0.32 24.66
La/ FeOOH 29.2 0.10 17.14
Ca/ FeOOH 31.9 0.14 24.36
Mg/ FeOOH 32.1 0.16 25.28
Zr/ FeOOH 91.6 0.44 21.49
Cu/ FeOOH 65.4 0.24 15.67
Ni/ FeOOH 71.7 0.29 17.70
Co/ FeOOH 77.2 0.33 18.33

W7 R B0, FeOOH i Ak 771 Lt 26 T Ak oy ok
W S A AR IS AR, AT = A 5 i
ARG, Siv Zr Bk FeOOH AL LR TH X
R, AR AT JOL PR B A T AL 3R 2 v T i I A
AT FORJEH . DMEERI LG R AU R AASR, X
IR ISR A P AR AT SCIE (LI 1), R
La. Ca. Mg Al. Zr &5KJ7 BI7) o f AL 750 i

e e i) — ik 2 B A M 2oy B 2k, R 4h
PP EL R AN T 100 m? <7 B, LL T
USSR RIT AL PE I ¢ R Si el ALY
EER AR ARG RN, XAl g2 Si
5 Fe JEHY Si—O—Fe BEEH %%, R4 T Fe
Al RNATLAE S, Cu. Niv Co BtMEfEfL
PR T IR KM ELEE, W RBH 555
BB FeOOH MI/EAMLHIAE .. Cus Niv Co 2
PEMEAFIF LR AL, 2 Cu SCHEREAL TR A7
PEZEA T Ni F1 Co, XTI HT Cu 41Z 3d Pl
T, T Co Ni 2031 3 AN 2 AN24L,

NEE T R R R T IR e Ar, AT
SEAG T Fe R MIVEAGREE /7, 2k 7 EmAL I 1n)

AL .
68
67
Ni Co
66 AN
Zr :
Si
© 65 . A A
S Ca Al
Te4 A A
= P .
] 63l A Mg A stucturelmodltlle‘c.! catalysts
La A\ electronic modified catalysts
62 - - -polynomial fit of stucture
I catalysts except Si/FeOOH
61 AN
Cu
60 1 1 1 1 1
20 40 60 80 100 120 140

surface area/m?2.g !
1 AR R T A S R 56 &
Fig. 1 Oil yield relation with BET surface area
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Table 5 Promoters’ effects on crystalline phase and oil

yield of resulting catalysts

Rank of oil o Intensity of XRD patterns
. Catalyst Oil yield/%
yield y-FeOOH  a-FeOOH

1 Ni/ FeOOH 66.1 11 Il
2 Co/ FeOOH 66.1 11 Il
3 Zr/ FeFOOH 65.1 I it
4 Si/ FeOOH 64.9 - —
5 Al/ FeOOH 64.1 I it
6 Ca/ FeOOH 64.1 il
7 Mg/ FeOOH 63.6 I il
8 FeOOH 63.4 - il
9 La/ FeOOH 63.2 I —
10 Cu/ FeOOH 61.1 11 il

Note: [, II, III: intensity of crystalline phase peaks ( [ —weak, [[ —
medium, [[I—strong).
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