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Abstract: generally the catalyst is used in the form of a Cu/ZnO/Al,O; methanol from synthesis gas(CO+H,). The
article shows the result of the analysis compared the activity of the catalyst, the surface into a single footprint and
copper fewer adding B,Os to a catalyst Cu/ZnO/Al,O3. More compared the activity of the catalyst for the ongoing
management of time with a synthetic catalyst C207 methanol. Addition of B,Os;to Cu / ZnO / Al203 catalyst
increases the copper dispersion and the optimum content of B,O3is 1 ~ 2%. During the continuous operation for 600
hours, the activity of both Cu/ZnO/Al,04/B,0; and C207 catalyst decreases gradually. At this time, the catalyst
containing B,Os is always more active.
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NCCIIEAOBAHUE Ob AKTUBHOCTHU U CTABUWJIBHOCTU CUHTETHUYECKOI'O
KATAJIM3ATOPA METAHOJIA C JOBABJIEHUEM B,0; TP HU3KOU
TEMIIEPATYPE U CPEJHEM JABJIEHUHN

Xo K.M.}, JIu U.P2, Xen 4.2 (Kopeiickass Haponno-lemokparudeckas PecmyOiuka)

Xo Kean Mun - kanoudam xumuyeckux HayK, npenooasameidv,
21Ty Yorcy Pen - kanouoam XumMuyeckux HayK, OOYeHm, npenooasamend;
3Xen Uxop - KaHOUOam XUMU4eCKux Hayx, O0yernm, npenooasamen,
Kagheopa opeanuyeckoil Xumuu, Qaxyiomen mMexHoL02UU OPAHUYECKOU XUMUL,
XamxviHCKULL XUMUKO-MEXHOIL02UYECKULl YHUSepcument,

2. Xamxwvin, Kopeiickas Hapoono-/lemoxpamuuecxas Pecnyonuka

Annomauus: soodwe ucnonvzyiom kamanuzamop 6 éude Cu/ZnO/Al,O3 ons cunmesa memanona usz 2aza (CO+Hy).
B cmamve noxaszan pezyromam aaiuza 6 CPAGHEHUU AKMUGHOCMU KAMAIU3AMOPA, €20 NOBEPXHOCHU 6 COUHUYE

3AHUMAEMOT NIOWAOU U MeOU npu MeHbutem Koauvecmeae dooasnenus BoOs k kamanuzamopy CulZnO/AlLO3. Ewé



CPAGHUNIU AKMUBHOCTb KAMAIUZAMOPA NO 8PEMEHU HENPEPLIBHO20 YAPAGIEHUsL C CUHMEMUYECKUM Kamaiu3amopom
memanona C207. Ilpu oobaenenuu B,z k xamanuzamopy CulZnO/Al,O3 cmenens oucnepcuii nosviuiaemes u
naumenvuiee xoauuecmso B0z cocmasnsiem 1 - 2 npoyeuma. Ilpu nenpepwvienom ynpasienuu 600 uacos
NOCMENneHHo ymeHvaemcs axkmusnocms 6 xamanuzamopax CulZnO/AlLOs/ B,O3 u C207, no npu osmom
akmueHocmv kamaauzamopa, cooepacaueco B,0s, scecoa cunvna.

Knrouesvie cnosa: Kamaauzamop cunmesa Memanojld, CUHme3 memanoid, Kamaiuzamop.

The preparation method, structural characteristics, and industrialization of methanol synthesis catalysts under low
temperature and under low pressure have been studied extensively, but there are very few studies under low
temperature - intermediate pressure [ 1,2 ] .

We have studied the activity and the stability of continuous operation when adding B,O3to Cu/ZnO/Al,O; ternary
catalysts.

1. Experimental method

1) Catalyst preparation

In order to make the Cu/ZnO/Al,O; (5/4/1) catalyst containing B,O3, Na,COj3 solution was added to an aqueous
solution of zinc nitrate and zinc nitrate mixed in a constant amount and cocurrently precipitated while maintaining 8
at 80 °C.

It was then aged, washed, and mixed with Al(OH)s;, which was made by precipitating alumium nitrate with
NH,OH at room temperature.

Next, we mixed the HzBOjzsolution in an appropriate amount, dried at 120°C for 12 hours, and calcined at 350°C
for 5 hours to form a product of ¢5 x 5 mm [3].

2) Method of measuring activity

The prepared catalyst was used for the measurement of methanol synthesis activity in a fixed - bed flow reactor.

4mL of the catalyst having a particle size of 0.4 to 1 mm was filled and subjected to a reduction treatment at
373K to 523K for 27 hours with a mixed gas of H,(5%) and N»(95%).

The CO conversion rate (XCO) and the methanol discovery rate (STY) of the catalyst were measured while
passing the gas, that is CO/CO,/H,/(CH4+N,)=4.5/0.5/85/10 at 493K and 15MPa, at a velocity Sv= 10000h™.

3) Measurement of structural characteristics of catalyst

The specific surface area of the catalyst was measured using a high-speed gas adsorption analyzer (NOVA 1000e
type). XRD diffraction analysis was carried out using Philips-3Max type at Cu K,, 30KV, 20mA, and the content of
B,0O;was determined by atomic absorption spectrometry.

2. Result and discussion

1) Effect of B,O;

Table 1 shows the relationship between the change in activity and the specific surface area and the surface area
ratio according to the content of B,0O3 after 100 hours of reaction.

In the experiment, the activity of the B,03;-Cu/ZnO/Al,O; catalyst was compared with that of the imported



catalyst C207.

The composition of the C207 catalyst is Cu/Zn/Al(atomic ratio)=5/4/1.

As shown in Table 1, when the content of B,O; was 1.5wt%, the activity of the methanol synthesis and the
co-surface area were maximized, and the specific surface area was slightly decreased.

This can be the result of the physically mixed B,Os covering the copper surface when B,0sis included in the
catalyst by more than 1.5wt%.

The activity of C207 catalyst was slightly decreased after 100 hours, and the copper specific surface area and
specific surface area did not change much, but the specific surface area, copper surface area and activity were much

smaller than that of the catalyst added with B,0Os.

Table 1. Change of activity and surface area according to reaction time of B,05-Cu/ZnO/Al,O; catalyst and C207 catalyst

B20; activity Specific surface area Copper surface area
catalyst content Kg-CH;OH/(Kg-c m/a-catalvst mi/a-catalvst
(Wi%) atalyst-h) g-cataly g-cataly
45 0.35 86.3 17.8
3.2 0.39 83.4 19.3
gﬁgjﬁ“é 24 0.56 795 205
23 15 0.60 71.4 34.2
1.5 0.61 71.4 34.5
0 0.45 69.3 21.0
c207 0 0.40 69.1 21.0

Reaction condition 523K,15MPa,GHSV=10000h™ CO/CO,/H,/(CH4+N)=4.5/0.5/85/10

These results show that B,O; increases the copper surface area and induces motion dispersion effect.

To confirm this, results of x-ray diffraction analysis are given in Fig 2.

From the XRD analysis results, it can be seen that the XRD intensity of the C207 catalyst was much higher than
that of the B,Oz added catalyst.

That is, the addition of B,O3 suppresses crystal growth of Cu and ZnO.
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Fig. 1. XRD analysis of B,0O3-Cu/ZnO/Al,O3 catalyst and C207 catalyst after 100 hours
1- BgOg'CU/ZﬂO/A|203, 2- C207

2) Stability of activity in continuous operation

Figure 2 shows the results of the study of the activity of B,Os-Cu/ZnO/Al,O3 catalyst in 600-hour continuous
operation.
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Fig. 2. Comparison of the activity of B,Os-Cu/ZnO/Al,O3 catalyst and C207 catalyst in 500-hour continuous operation
O- BzOg'CU/ZnO/Alzog, A-207

Reaction condition 523K, 15Mpa, Sv=10000h7, CO/COy/H,/(CH4+N»)=4.5/0.5/85/10
As shown in Fig. 2, the catalyst when containing 2% of B,O; has the maximum activity after 100 hours of
reaction time and gradually decreases from the next.

C207 catalyst shows a tendency to decrease slowly during 600 hours of continuous operation.



In both catalysts, the decrease in activity due to the continuous operation can be attributed to the Cu-ZnO crystal
destruction phenomenon in the water produced in the reaction. However, the activity of B,O5 catalyst after 100 hours
is always higher than that of C207.

Conclusion

Addition of B,Osto Cu / ZnO / AI203 catalyst increases the copper dispersion and the optimum content of B,0O3
is 1 ~ 2%. During the continuous operation for 600 hours, the activity of both Cu/ZnO/Al,05/B,05 and C207 catalyst

decreases gradually. At this time, the catalyst containing B,Os is always more active.
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