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Abstract:Theeffectofdifferentfactorsoncoalextractionyield-temperature, solvent, irradiationtimewereinvestigatedundermicro-

wave-assistedextraction (MAE).TheresultsshowedthattheoptimumextractiontemperatureforShenfucoalusingethanol, acetone

andTHFwere393K, 373Kand373KrespectivelyandtheextractionyieldofTHFwashigherthanthatofothertwosolventsusedun-

derMAE.Extractionofthe5typicalChinesecoalswithseveralsingleorganicsolventswereconductedandresultindicatedthatdissimi-

larextractionyieldswereachievedforsimilarrankcoalsunderthesameMAEconditions.ShenfucoalanditsresidueofTHFextraction

wereanalyzedbyFT-IR.
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　　Itiswellknownthatlessthan30% ofworldener-
gysupplycomefromcoal, andthedemandforcoalwill
inevitablyincreaseinthenextdecades, especiallyin
developingcountries

[ 1]
.Althoughtheuseofcoalasen-

ergymaycontinueandwillbeindispensable, “non-fu-
el” useofcoalisanotheraspectofcoalutilization.
Coalextractioninorganicsolventsisoneofuseful
methodsfor“non-fuel” useofcoaltoproducesome
usefulchemicalproducts

[ 2 -5]
.

Thispaperpresentstheeffectofseveralfactorson
extractionyieldsunderMAE.TheMAEimpliesahigh-
erextractionratio.

1　Experimentalsection

5 coals( Panzhihua87.81% Ccontent, Tong-
chuan86.21% Ccontent, Shenfu81.75 %Ccontent,
Huating78.45 % Ccontent, Yitaicoal72.00% C
content) usedweretakenfromChina.Thecoalswere
usedwithgranularityofcoal150 ～ 45 μmafterdried
undervacuumat373 Kfor2 hours.MDS-6 auto-fre-
quencymodulationmicrowavedigestion/extractionoven
withtemperatureandpressurecontrollingismadein
China.Theexperimentswereperformedat40 ～ 200℃.
Dryash-freebasis(daf) coalsandtheirresidueswere
examinedbyFT-IR (NICOLET-Nexus870FT-IRspec-
trometer).Theextractionyieldwascalculatedbased
ontheweightofextractsanddryash-freebasisfromthe
weightofcoal:Extractionyield(wt%, daf) =extract

(g) /coal(g, daf)

2　Resultsanddiscussion

2.1　Effectoftemperatureandsolvent
ExtractionresultswereshowninFigure1.Theex-

tractioncurvehadthetendencythatincreasedgradually
untilreachingamaximumvalueandthenbegantode-
creasewiththetemperaturerising.

Fig.1　Effectoftemperatureontheextraction

yieldofShenfucoal(wt%, daf)

Manyresearcheshavefoundthatsolventswithdif-
ferentpolarityhavedifferenteffectontheSoxhletex-
traction, whichisalsotruetotheMAE.
2.2　Effectofirradiationtime

Fortheoptimizationofextractiontime10 mLof
solventand1gcoalwasused.Whenprolongtheirradi-
ationtimefrom5to60minutes, theextractionyieldin-

①收稿日期:2007-01-10

基金项目:国家自然科学基金资助项目 ( 40472082)

作者简介:陈红 ( 1967年生 ), 女, 副教授;E-mail:hong chen1967@126.com



中山大学学报 (自然科学版 ) 第 46卷　

creasedslightlyandalmostreachedamaximumunder
MAE.Thereisadiverseabsorbingmicrowaveenergy
amongdifferentsolventsandcoals, sothereisadiffer-
enttimetoreachthemaximalextractionyield.
2.3　Effectofrankcoal

Theextractionyieldswithacetone, THFat373K
andethylenediamineat453KforShenfu, Tongchuan,
Huating, YitaiandPanzhihuacoalweretestedunder
MAEandresultswereshowninTable1.Withthecar-
boncontentofrawcoalincreasing, extractionyield
sharplyincreasedtoits' maximumvalueandthende-
creasedforTHF;whiletheextractionyieldofacetone
graduallydecreased;Extractionyieldwithethylenedia-
mineat453Kfor15minwereover50% regardlessof
rankcoalunderMAE.Theaggregatedstateofcoalin-
fluencesitssolubilityinorganicsolventandheatcapac-
ity, thereforeextractionyieldsareobviouslydifferentbe-
causeofthecoalaggregatedstatechangingwithrank
coal.

Tab.1　Effectofrankcoalonextractionyields (wt%, daf)

Extractionyield/%

Acetone THF ethylenediamine

Panzhihuacoal 12.48 17.42 50.01

Tongchuancoal 4.99 38.65 75.76

Shenfucoal 4.85 31.25 70.78

Huatingcoal 13.46 13.50 71.44

Yitaicoal 10.60 20.80 53.05

Figure2isFT-IRspectraofShenfucoal(daf)
anditsresidueofTHFextraction, whichindicatesthat
themacromolecularnetworkofcoalisnotbrokenafter
extraction.

3　Conclusion

Inthepresentstudy, theextractionresultsindi-
catethattheeffectofsolventandrankcoalonextraction

yieldsisgreaterthanthatoftheotherfactorstested.
Solubilityofthesimilarrankcoalsisdifferentinthe
samesolventsusedunderMAE.MAEisofhighdegree
automationandeasytoperform.Itislesstimeconsu-
mingandrequireslesssolvent.

Fig.2　SpectrogramofShenfu (daf) coal
anditsresidueofTHF
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微波辅助萃取煤的研究
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摘　要:在微波辅助下, 考察了萃取温度 、 溶剂种类 、 辐射时间对萃取率的影响。对神府煤而言, 采用乙醇 、 丙酮和四
氢呋喃为溶剂的较佳萃取温度分别为 393 K、 373 K、 373 K且四氢呋喃的萃取率高于丙酮和乙醇。 采用相同的溶剂对五种
不同变质程度煤的微波辅助萃取结果显示, 变质程度相似的煤在相同萃取条件下萃取率不同。对神府煤和其四氢呋喃萃余
煤进行了红外分析。
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