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Research of pre-oxidation property of catalytic and mesoporous adsorbent coal

Object of research — coal from Xinjiang Shuixigou prepared activated carbon by adding catalyst and the use
of pre-oxidation. Research results shows that the pore size of the activated carbon was 8.55 nm, the specific
surface area was 311.89 m%/g and the iodine adsorption value was 332.13 mg/g. After adding the urea, the
nickel nitrate and the iron nitrate, the specific surface area of activated carbon were increased respectively 1.7
times, 1.9 times, 1.7 times. And the iodine adsorption value is increased respectively 2.6 folds, 1.9 folds, 1.9
folds. After adding the ammonium nitrate, the pore size of activated carbon had a significant increase, reach-
ing 16.34 nm. After the air pre-oxidation, the specific surface area of activated carbon increased 2.2 times and
the iodine adsorption value increased 1.7 times. Research results indicated that it can improve the specific
surface area and adsorptive property of activated carbon by adding catalyst and the use of air pre-oxidation.
The ammonium nitrate is contributed to forming the mesopore of the activated carbon.

Key words: coal, catalyst, pre-oxidation, Adsorbent coal, urea, nickel nitrate, iron nitrate.

Today, due to increased demand and the widespread use of adsorbent coal its production development
grows. Since the adsorbent coal is porous, it is often used as absorber [1]. The adsorption capacity of adsor-
bent coal is dependent on the relative surface area and pore size, and therefore now calculate the surface area
and pore diameter of the adsorbent coal has become an object of study [2, 3]. According to literary data
[4, 5], the effect of the catalyst on the surface area of the adsorbent coal is high. The diameter of the pore and
structure the main factor affecting to the adsorption property of the adsorbent coal [6].

According to international standards, the activated charcoal is divided into small pore (d <2 nm), medi-
um porous (2 nm < d <50 nm) and macroporous (d > 50nm). Now, using traditional methods of production
of medium porous adsorbent coal to create problems of less relative surface area, which affects to the
absorption properties of adsorbent coal. At large porous carbon processing by adding the metal compounds
can be prepared medium porous adsorbent coal with larger relative surface area. It is possible to obtain coal
with different pore diameters with pre-oxidation. With pre-oxidation is possible to obtain coal with different
pore diameters. It is possible to increase the absorption properties of the coal, therefore using as raw material
Shuixigou coal, using pre-oxidation in presence of catalysts, using two methods it is possible to improve ad-
sorption properties and increase surface area of adsorbent coal. According to literary source [7], coal ash de-
creases till 5 %, evaporation is 25—40 %, humidity goes down to 10 %.

Table
Analysis data of Shuixigou carbon
Industrial analysis, % Element analysis, %
Shuixigou Mg Aq Vdat Cq Hy Oq Ny Sia
coal/carbon 5.42 2.35 34.15 78.52 4.42 13.59 0.84 0.30

According to the Table Shuixigou coal has low ash content, evaporation and humidity, it is good for in-
creasing content of carbon.

Discussion of catalyst influence to adsorbent coal:

1. Without catalyst.

3. CO(NH,),.

5. FCG\IO3)3'9H20.

Figure 1 shows the effect of adsorbent coal on iodine adsorption.
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According to the figure 1 after adding catalyst carbon iodine adsorption is increasing. At 1 — number
value of carbon iodine adsorption is 332.13 mg/g. At numbers 2, 3, 4 and 5 value of carbon iodine adsorption
is reaching 432.31 mg/g, 878.34 mg/g, 634.45 mg/g and 616.97 mg/g, along with it after adding of catalyst
value of carbon iodine adsorption reaches to its increasing limit. So we can see adding of catalyst is profita-
bly for growth of carbon iodine adsorption value.

The effect of the catalyst on the amount of product. Figure 2 illustrates that at 3, 4, 5 numbers amount
of adsorbent coal product is higher than carbon without catalyst, at number 4 amount of product is 15.2 %, at
number 2 amount product of adsorbent coal is the lowest, it is 7 %. Also with the addition of various cata-
lysts adsorbent coal adsorption is different, and the product of adsorbent coal is of poor quality. Adding these
catalysts CO(NH,),, Ni(NO;), 6H,0, Fe(NO;);-9H,0 decreases burning of coal, and amout of product of
adsorbent coal increases, but adding NH4;NO; as catalyst increases burning of coal, and amout of product of
adsorbent coal decreases.
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Figure 1. Effect of adsorbent coal Figure 2. Effect of the catalyst
on iodine adsorption on the amount of product

The effect of catalyst to carbon pore size. According to the Figure 3 pore of carbon is 8.55 nm, volume
of pore is 667 sm’/g, at 3, 4, 5 numbers pore of carbon doesn’t change, but volume increases. At number 2
the pore of carbon growths until 16.34 nm. So with ammonium nitrate catalyst mesopore of carbon is
formed.

The effect of catalyst to surface area and microporous area of carbon. Figure 4 shows the effect of cata-
lyst on adsorbent coal surface area and microporous area of carbon.
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Figure 3. The effect of catalyst Figure 4. The effect of catalyst on adsorbent coal surface
on adsorbent coal pore size area and microporous area of carbon

According to the Figure 4, at number 1 surface area of carbon is low, after adding catalyst it increases.
At 3, 4, 5 numbers surface areas of adsorbent coal are 529.94 mg/g, 580.71 mg/g, and 519.33 mg/g, and at 3
and 4 numbers pore area of carbon is the largest. It is 410.20 mg/g, 527.21 mg/g, so adding urea, nickel ni-
trate, iron nitrate contributes to improving of surface area of adsorbent coal.

Research and analysis of pre-oxidation of mezoporous adsorbent coal

1. Oxidation with air: Shuixigou coal is pyrolised with heating it until 200 °C, after it is oxidized with
air 2 hours and carbonized, after absorbent coal is taken.
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2. Oxidation with HNO;: Shuixigou coal and HNOj; solution are poured in flask, filtered, washed and
dried, after it is carbonized and absorbent coal is produced.

Figure 5 shows effect of pre-oxidation on iodine adsorption. According to the Figure 5, adsorption of
iodine by iodine in sample 2 is the highest, it averages to 562.35 mg/g, but in sample 3 it is lowest, it averag-
es to 279.14 mg/g. Value of adsorption of iodine shows adsorbent properties of adsorbent coal, so the more
iodine is adsorbed the better the adsorbent properties of adsorbent coal. That’s why oxidation with air im-
proves its adsorbent properties.

Figure 6 shows effect of pre-oxidation to its product amount. According to the Figure 6, in samples 1
and 2 the amount of adsorbent coal product doesn’t change, but in sample the amount of product is lowest, it
is only 4.3 %. At oxidation of coal with HNO;, quantity of oxygen rises, properties improves, temperature of
activation is decreases, also porosity increases. At oxidation with HNO; yield of coal product is decreases.
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Figure 5. Effect of pre-oxidation Figure 6. Effect of pre-oxidation
on iodine adsorption on its product amount

Figure 7 shows effect of pore volume on the adsorbent coal. According to the Figure 7, in comparison
with sample 1, in sample 2 the pore size doesn’t change, but in sample 3 pore size of adsorbent coal is big, it
is 18,34 nm.

Surface area and micropore area of pre-oxidized adsorbent coal: as it shown in Figure 8, sample 2 has
the biggest surface area about 695.98 mg/g, in number 3 surface area is the least, it is 280.13 m*/g.
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Figure 7. Effect of pore volume Figure 8. Surface area and micropore area
on the adsorbent coal of oxidized adsorbent coal
Conclusion

1. Mezoporous adsorbent coal from Shuixigou coal was gotten, its surface area isn’t big, but after
adding CO(NH,),, Ni(NO;),-6H,0, Fe(NO;);-9H,0 as catalysts surface area achieves 1.7, 1.9, 1.7 particles,
and iodine adsorption increases till 2.6, 1.9, 1,9, so catalysts make surface area of adsorbent coal bigger and
improves its adsorbent properties.

2. Adding NH4;NO; rises the porous of adsorbent coal, which riches 16.34 nm.
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KaranuTukassbIk xKoHe Me30KeyeKTi OesiceHaipliireH
KOMIip/AiH aJIbIH aJ1a TOTBIFY KACHETIiH 3epTTey

Fouibivu 3eprrey oobexrici — Shuixigou [Ibirkay kemipi. bencenaenaipinres kemipai exi ToCiIMeH anyra
Oonanpl: KaTauM3aTOp KOCY JKOHE ayiblH aja TOTBIFYIbl NaijanaHy apkeuibl. ToxipuOe HOTMXeciHAe
kenecizedt mamimer: Shuixigou Oencenpipinren kemipiHiH Meumepi 8,55 HM, HakThl OCTiHIH ayaaHbI
311,89 M%/r, ifoaTsiH amcopbumst Momi 332,13 mr/r Gomagsl. MoueBMHA, HHKENh HHTPATH JKOHE TEMIp
HHUTpPAThIH KOCKaHHAH KeliH, OesCeHAIpireH KkoMipaiH HaKThl 6eTiniH aygans 1,7, 1,9, 1,7 ece xoHe HOATHIH
agcopouus Momi 2,6, 1,9, 1,9 ece xorapnaiiapl. COHBIMEH KaTap aMMOHHWI HHUTPAaThIH KOCKaH Ke3Je
OenceHmipireH KeMip[iH KeyeKTUIIK Memmiepi xorapnan, 16,34 HM-re neifin xeremi. TOTbIFymaH KeHiH
OenceHmipinreH KeMmipAiH HakTel OCTiHIH aymaHel 2,2 ece >KoHe HOATHIH ancopbuus MeHI 1,7 ece
xorapiaiipl. OCBIHBIH HOTIIKECIHIE Kesieciledl KOpBITBIHIBI JKacayra OOJajbl, SFHH KaTajau3aTtop
KaTbICBIHJAQ aNJIbIH ajia TOTHIKTBIPY apKbUIbI €Ki Typui oficmeH OelnceHIipinreH KeMip[iH CajbICThIPMAabl
OeTTIK ayJlaHbIH KOHE afACOPOLMAIBIK KACHETIH apTThIPYFa 00Jiaibl ’KOHE AMMOHMIT HUTPATBIHBIH KAaThICHIHAA
OernceHaipinres KOMIpAiH ME30KEYESKTIIIr KalblnTacapbl.
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I/I3yqe}me CBOMCTB NnpeaABapUTECJIbHOI0 OKUCJICHUS
KaTAJIUTHIECCKOI0 1 ME30IMOPUCTOI0 aKTUBUPOBAHHOI'0 YIJIsA

OO6bekT uccnenosannst — Shuixigou yrons birkan. [TonydyeHne akTHBUPOBaHHOTO YIUISl OCYLIECTBILSIIOCH
JIBYMsI METOJAaMH: B MPUCYTCTBUU KaTanu3aTropa U IyTeM IIPeABAapUTENBHOT0 OKcuieHus. [Ipu npoenennn
IKCIIEPHMEHTa OBUIM TOJIYYeHBI CIIEMYIOIINE Pe3yJIbTaThl: KOJMYECTBO aKTUBHPOBAHHOrO yris Shuixigou
cocTaBisuo 8,55 HM, yzenbHas IUIOMIAAb MOBEPXHOCTH pasHa 3,11 M2T, azcopbumst Hoja cocTaBisuia
332,13 mr/r. Ilpu noGaBieHMM MOUYCBHMHBI, HUTpaTa HHKENS U )Kejle3a yJelbHas IUIOIagb ITOBEPXHOCTH
AKTHBHPOBAHHOTO YIJI YBEJIHMYMBAETCS COOTBETCTBEHHO B 1,7; 1,9; 1,7 pa3a, a ancopOuus Hoja Bo3pacTaeT B
2,6; 1,9; 1,9 paza coorBercTBeHHO. [Ipy no6GaBneHuy HUTpaTa aMMOHHUS MTOPUCTOCTh AaKTUBUPOBAHHOTO YIJIA
yBenuuuBaercsi u jpocruraer 16,34 um. Ilocne oxucneHus ynenbHas IUIOMIAAb AKTHMBUPOBAHHOTO YIS
yBeIuumiIach B 2,2 pasa, a ancop6buus yriast — B 1,7 pa3za. [lo pe3ynpratam uccieioBaHus caelaHo cieaylee
3aKJIIOYEHHE, YTO MPHU MPEABAPUTENLHOM OKHCIEHHH U B NPUCYTCTBHU KaTalM3aTOpa MOXKHO YBEIHYHUTH
YIEIBbHYI0 OBEPXHOCTh M aJCOPOIUOHHYIO CIIOCOOHOCTh aKTHBHPOBAHHOTO YIS, 4 TAKXKE B NPHUCYTCTBHU
HUTpaTa aMMOHHMS HAOTIOAAETCS] ME30IOPUCTOCTh aKTUBHPOBAHHOTO YIS,
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