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 !"#!$% &'#() '*+()% ,)!&-./01*12 0.3!44!#!5!)1* 67)447% 

CD/DB+ E! 99!' 5FG!49HIH — ?"5B"A' 4JBH H. K)LH ' M5)LD ND/" D) O"3L"/")DO, >5N" D 

9!BO! "9' " B!) >5N" D MDIDBL" 4JBH  ,+4HE"9D) :, 9: /H M"99D E"9M" FJ/!LH: M"/LDM — Rd, 

! +9H) — SL >;)! ! HB!39H) — DP E"99"  [1]. =JBH LHP ! HQH,9HQH 9!BO! "9' ", 4JBH LHP FJ/,!49! H 

B!) DP >;)! SL BJ/,! H)HP ;I! HB!) I"/DI9D "LD, RC, RD, DP, SL J)! 4;IHO9H4, R/!B!)99H4, Q "6+-

B!9 +S/DM 9"/L"'/" D >: QHEH/HO >;)! +)T "MDED/ IO!49 H E! 99!/LH [2]. ( H94H, 4J/!BH 9U "M9D 

F5/N") 4!EL! 4JBH LHP M5ID/' BJ/,! H >5N" /"N") I"3D) DP J)LH ' L!PQ!3H U/N"SLD, SL L!PQ!3H 

,"B"/D 9JB!)L!3LH. 8!BO! "9' " 375 º*-9") >5N" D F5/N")L" O+ 5/+E  !"4V+S/" D)" 9:I!LH, 

);9+>!IH)L! SL J)HB 4J I!94H,H M" MD)LD JI!LH. ( H94H,  !9H)L! 9!9 "/+) B!) 1-B!9+/)"T9"/+) 

M5/L")N") 4!EL! DP >;)! SL >"/OD J)LH ' >:3!IH UMI"I, 5/" LDP ! H94H, M" MD)LD/DND 95/'5/L") 

L" >5N" D F5/LD [3]. 

?.=- ,8';+!: ?"5B"A' 4JBH H, J)HB, T "4V+S, 95/'5/, 9!9 "/+), 1-B!9+/)"T9"/+), "V!95). 

 

=JBH LHP ! H94H,9! B!) ; !4!99!I'H F53D)," 5)DP T+E+4"-A+B+S/DM 4"I+!99! H) E! 99!'Q! 

F5/"LD. 2J/B! 9!BO! "9' "ID)L" 95/'5/, "V!95), 9!9 "/+) ! H94H,9! H)HP 4JBH  J)LH ' J)LH HIH)L! 

;I! H 9JB!), I!F!FH 4JBH  B5/!4'/"ID)DP " "ID)L"ND 4JBH 9!49H4 F"3/")DI9DP 4:,H F! H4 [3]. 

2J/B! 9!BO! "9' "ID)L" CS2 >;)! NMP ! H94H, M5IO"ID)DP 4J/!BH) 1:1 M"9D)"ID)L"3 "/N")L" 

WD9"3 XE"5Y>'") 4JBH  J)LH ' M" MD)D 77,9 % L!3H) >!9!LH, FH "M FU/ ;LHI 4!3FH  9"I 4JBH  

J)LH HIH)L! FUL") L" >"MID );9+>!/! Q! +! F5/"LD, "/ M5PD  4JBH  J)LH HIH)L! );9+>!IH "39" /DM-

9"3 9JB!) F5/"LD. Shuihenfu ;  9: /H 9!BO! "9' " >"NL"3D)L" A+)5/+))!) 9"ND F"IM" ! H94H,9!  

Shenfu 4JBH  J)LH ' J)LH HIH)L! M"I+!9H >5N" D !4!)H E! 99!/LH. 360 º*
 
9!BO! "9' "L" J)HB J)LH ' !P 

9+BLH F5/DO 9"FD/"9D)D F"3M"/LD, 5/ 9!BO! "9' " 4JBH LHP MU D/DID)" ;I!  !9!LH L!O 53/"LD [4]. 

=JO9!Q!) ! +9H) E"99" LD O"3L"/")" 59D DO, 9!BO! "9' ")D >5N" /"9M")L" O+ 5/+E >;)! 

O5/+B! /!'  !"4V+SID)L" J)LH ' L!PQ!3H 9JB!)L!Q!)H) F"3M"LD. 

=JBH  B5/!4'/"ID)DP B5/!4'/"/DM B"II"/" D)DP " "ID)L" "3D B",D/DM :/4!) >;)! FH -

FH HB!) >5N" D 9!BO! "9' "L" ; !4!99!I' F" DID)L" 4JBH LHP J)LH ' M" MD)D) >"MI" 9'N" 

4JB!49!I!LH. $ID B"M"/"L" ?"5B"A' 4JBH H E! 99!' 5FG!49HIH F5/DO 9"FD/"LD. 8!BO! "9' ")D 

>5N" /"9' F" DID)L" 4JBH  :, M"99D E"9M" FJ/H)!LH. =JBH LHP ! ' L; !>!IH, 9!BO! "9' ", 4JBH  

9:3H ,H49! H)HP :/4!)LHQH >;)! ;  9: /H ! H94H,9!  SL, DP-)D J)LH 'Q! ;I! H) E! 99!O ,DMM") J)HB 

" MD/D L;/!/L!)LH [5]. 

<! 9A")"/DM 4JBH   !9H)L! "/D)N") ?"5B"A' 4JBH H)HP R/!B!)99H4 MU "BD 9JB!)L!QH 4!I9!L! 

4J I!9H/Q!). 

= ! I 9 !  

 !"#!$% &'#()(*(2 857#7*44(& 9:)!#1 

 
K)! 4;IHO9H4 9"/L"', % Z/!B!)99H4 9"/L"', % 

Mad Aad Vdaf FCad C H N S O
*
 H/C 

RC 15,13 4,28 54,89 43,18 75,66 5,01 1,03 0,21 19,14 0,79 

RD 2,28 5,89 51,61 44,44 71,27 4,45 0,97 0,23 23,08 0,75 

DP 1,76 0,93 75,29 24,05 77,6 5,76 0,99 0,13 15,52 0,89 

SL 0,89 0,03 92,97 6,97 80,99 8,17 0,37 0,16 10,31 1,21 

 

=!I9!L!) 4J HO 59D N")DBDEL"3, SL-LHP D/N"/LDND !P 9JB!). SL >;)! DP 4JBH L!) 4:/LH/HQH 

;/L!M"3L" 9JB!), "/ RD L" 4JBH LHP 4:/LH/HQH >5N" D. SL>DP>RC>RD, H/C, SL-L! H/C 1,21-Q! >!9!LH. 

SL 9"I 4JBH L! >!PH/ ! +LH, "/ DP "'D  E"99" L" ! +LH [6]. 
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1 — 9! B5O" "; 2 — B"Q)+99H " "/"I9D ND,; 3 — Q"E B")5B!9 ; 4 — "9B5IT! "/DM 4/"O");  

5 — 959 F"IO"39D) F5/"9 I:EQH; 6 — 4/"O")  "E SL; 7 —  !E! 6'" ; a — RD; b — DP; c — SL 

1-I' !9. 7OO" "99DP O +)V+O9H4 IA!B"ID 

8;>H +F! 1-I' !99! 4J I!9H/Q!) 0,5 / >5N" D 9!BO! "9' "/D M5)LD NDL" >"I"/DO, >5N" D 

MDIDBL",  !"4V+S M"E")LDM 9:FH)L!, I:EQH)HP I"PD/"'D)DP L+"B!9 H 1 BB, M">!99H BJ/,! L! 4JBH  

9:3H ,H49! H) M"E")LDMM" I"/DO, 5N") 300 B/ ! H94H, M5I"LD. W"MO"ND) >"OM"))") 4!3H) F"S' N2-O!) 

0,5 0[a-N" L!3H) 95/9D "BDE. 7'" >HF! HO, M"/DO9D MDIDBN" L!3H) >!94HEHO, 5ID/"3 3  !9 

M"39"/"3BDE. \,H)! Q"E 95/N"))") 4!3H), " "/"I9D ND, 9!9HQH F"ID/"LD L" 9!BO! "9' " 350 º* L!3H) 

>5N" /"9D/"LD. 8!BO! "9' ")D 3 º* 4J9! ! 59D DO, M">!99H 9!BO! "9' "N" L!3H) >!94HE!BHE. 

8U "M9D 9!BO! "9' "L" 60 B+) '"MD99" FU ")L")D ",DO, ! H94H, >;)! J)HB M"E"))DP H,H)! MDIDB 

" MD/D I:EQH, O!) DLDIM" F" "LD. $)DP ID 9MD M"FD I'D9MD, I' " MD/D FJ/B! 9!BO! "9' "ID)" 

L!3H) I'D9D/"LD. W"/LDM E"99"  I:EQH,9HP F!9H)L! M"E")LDM9DP H,H)L! M"/DO M5SLD. W"E")LDM9DP 

H,H)L! M"/DO M53N") J)HB >;)! M"/LDM RD M"/LDM L!O "9"/"LD. W"FD/L"ND, DLDI H,H)L!QH FJ/B! 

9!BO! "9' "ID)L" ! H94H,9!QH ! HQ!) M"/LDM SL ! HQH, L!O "9"/"LD, 4JBH LHP J)HB "/' 

9!BO! "9' "ID)L" ! HB!39H) J)HB ! HB!39H) DP M"/LDND L!O "9"/"LD. 2U/ 4JBH LHP 5P"3/DMO!) ! +3 

M53B"39D) FJ/HQH, M"E")LDM9D ",DO, RD M"/LDND) "/"BDE. W"FD/L"ND, DLDI H,H)L!QH J)HBLH "/DO, 

DP ! H94H,H) FJ/HO "/"LD. ( H94H, O!) SL-LHP M5IO"ID) "3)"/B"/D F'/")LD ' "OO" "9DB!) FJ/HO 

"/DO, ! H94H,9H FJ/!4 >+)"O "/"BDE. ], M"99D E"99D 4!O9H QH, O!, H,H)! I"/DO 120–140 º*
 

9!BO! "9' "L" 12 I"N"9M" M5^ 4! !4 [7]. 

(4H 9: /H R4I9 "49 J)HBL! LHP BJ/,! H) !I!O9!' 9;IH/H: 
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BU)L"ND YSL, YDP — J)LH ' BJ/,! H; WSL, WDP — 4!O9H Q!))!) 4!3H)QH B"II"ID; WRC — 4JBH LHP 

4J/!BH; Mad, Ad — D/N"/ 4JBH B!) 4:/LHP B"II"ID. 

=JBH LH M5I' BJ/,! H)HP DP >;)! SL J)HB BJ/,! H)! ;I! H 300 B/ 9!9 "/+) ! 9H)LHIH)! 10, 20, 

30, 40 >;)! 50 Q-L"ND 20–40 )B J/,!BL! 4JBH  M5ID/"LD. 350 ºC 9!BO! "9' "L" 60 B+) F53D 

MDELD D/"LD. 

=JBH LHP M5I' BJ/,! H DP B!) SL J)HB BJ/,! H)! ;I! H 2-I' !99! 4J I!9H/Q!). $)L" 4J I!9H/-

Q!)L!3, 4JBH LHP M5ID/' BJ/,! H " 9M") I"3D), DP J)HB BJ/,! H 7,66 %-L") 17,64 % L!3H) >!9!LH, "/ 

SL-LHP J)HB BJ/,! H 9JB!)L!3LH. =JBH  J)LH ' F" DID)L" >!PH/ J)HB "'D  J)HB)HP ! 'H)! 

4JB!49!I!LH, BU)L" 4JBH LHP BJ/,! H 10 Q-)") 50 Q-N" L!3H) >!94HE!LH. 

DP J)HBL! H) J)LH ' O"3L"/D, I!F!FH DP J)HB BJ/,! H FH 9!-FH 9! >5N" D/"3LD. SL J)HB 

F" DID)L" O5/+B! /!' O"3L" F5/' B:B4H), I5/ I!F!O9H J)HB J)LH ' L!PQ!3H 9JB!)L!3LH. 

@+0A+!4-)!4$3B DP 0+$ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ F"I9"OMD  !"Q!)99!   !9H)L! 9!9 "/+) 

! H94H,H, 20–40 )B 20 Q 4JBH  "/D)"LD (3-I' .). 
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2-I' !9. =JBH LH 45I' BJ/,! H)HP J)HB  

BJ/,! H)! ;I! H 

3-I' !9. 8!BO! "9' ")DP DP B!) SL J)HB  

BJ/,! H)! ;I! H 

3-I' !99!) 4J HO 59D N")DBDEL"3, 9!BO! "9' " " 9M") I"3D) DP >;)! SL J)HB BJ/,! H JI!LH, 

9!BO! "9' " 375–400 º* 4!EH)L! SL-LHP J)HB BJ/,! H JEQ! ! F"I9"3LD, I!F!FH 9!BO! "9' ")DP 

>5N" /"'D ;I!  !9!LH. =JBH  " "ID)L"ND UI"M B5/!4'/"/"  >;)! UI"M O!) H H B5/!4'/"/"  " "ID)L" 

JE" " ; !4!99!I' 9JB!)L!3LH. $ID/"3," UI"M B5/!4'/"/"  4JBH LHP MU D/DID) 9JB!)L!9HO, UI"M 

B5/!4'/")DP ! HQH,9HQH " 9"LD. 8!BO! "9' " 375 º* >5N" /"N")L" 4JBH LHP O+ 5/+EH F"I9"/"LD. 2U/ 

B5/!4'/"/"  " "ID)L"ND 4:,9H ;/IH !9HO M53B"3, 6"/!)99HQH JEQ! HO, 4JO9!Q!) UI"M B5/!4'/"/"  

! +LH. DP J)HB BJ/,! H 300 º*-9") 350 º* " "/DND)L" >D/L"B JI!LH, 9!BO! "9' " >5N" D/"3LD. 

?80.! D8=1+9-+!;.B DP EC$+ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ DLDIM"  !"Q!)99!   !9H)L! 

9!9 "/+) ! H94H,H, ?"5B"A' 4JBH H)!) 20 Q FJ/,!49! LHP BJ/,! H 20–40, 100–120 >;)! 180–200 )B 

F5/"LD. 350 º* 9!BO! "9' "L" 60 B+) MDELD D/"LD. =JBH  FJ/,!49! LHP DP >;)! SL J)HB 

BJ/,! H)! ;I! H 4-I' !99! 4J I!9H/Q!). 

4-I' !99!) 4J HO 59D N")DBDEL"3, FJ/,!49! LHP JEQ! HIH DP >;)! SL J)HB BJ/,! H)! ;I! H "E, 

I!F!FH ?"5B"A' 4JBH H)HP I"O"ID 9JB!), 5/ >! LHP MU D/DID)DP >UBI"M F5/'D)L". 350 º* 

9!BO! "9' "L" ! H94H, 4JBH LHP I"PD/"'/" D)" !)! "/"LD. 

F! -G!=. +!.-9.1-.B DP EC$+ SL 8$.0 08=1+!.$+ C,+!.. 300 B/ DLDIM" F"I9"OMD  !"Q!)99!  

 !9H)L! 95/'5/, 9!9 "/+), 1-B!9+/)"T9"/+) ! H94H,H, FJ/,!49! LHP J/,!BH 20–40 )B F5/"9D) 20 Q 

4JBH  "/D)"LD. 7/D)N") 4JBH  350 º* 9!BO! "9' "L" 1 I"N F53D MDELD D/"LD. #  9: /H ! H94H,9HP 

DP >;)! SL J)HB BJ/,! H)! ;I! H 5-I' !99! 4J I!9H/Q!). 

 

4-I' !9. =JBH  FJ/,!49! H)HP J)HB BJ/,! H)! ;I! H 5-I' !9. #  9: /H ! H94H,9HP J)HB BJ/,! H)! ;I! H 

5-I' !99!) 4J HO 59D N")L"3, :, 9: /H ! H94H, M5/L")N"), SL-LDP J)HB BJ/,! H)!: 

1-B!9+/)"T9"/+) > 9!9 "/+) > 95/'5/, DP-LD J)HB BJ/,! H: 9!9 "/+) > 95/'5/ > 1-B!9+/)"T9"/+). 

( H94H,  !9H)L! 95/'5/LD M5/L")N") 4!EL! SL B!) DP J)HB M" MD)D 9JB!)L!3LH, I!F!FH 9!BO! "9' " 
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350 º* F5/N") 4!EL!, MDIDB 8 M[a >!9!LH. 85/'5/LDP 9!BO! "9' "ID 318,6 º*, MDIDBD 4,11 M[a 

F5/N") 4!EL! 95/'5/LDP J)HB M" MD)LD/DND J9! 9JB!) F5/"LD. ( H94H,  !9H)L! 9!9 "/+) M5/L")N") 

4!EL! SL J)HB M" MD)LD/DND 1-B!9+/)"T9"/+)Q! M" "N")L" 9JB!), "/ DP J)HB M" MD)LD/DND 

1-B!9+/)"T9"/+)Q! M" "N")L" >5N" D F5/"LD, FH "M !4H ! H94H,9! DP B!) SL-LHP J)HB L!PQ!3H UMI"I, 

I!F!FH 4JBH  O+ 5/+E  !"4V+SID)" "E U,D "3LD. 1-B!9+/)"T9"/+))DP !4H " 5B"99D I"M+)" 

MU D/DBD 9!9 "/+)Q! M" "N")L" 4JBH  J)LH ' BJ/,! H >5N" D, I5)LDM9") SL-LHP J)HB BJ/,! H 

9!9 "/+))!) >5N" D F5/"LD, "/ DP J)HB BJ/,! H 9!9 "/+)Q! M" "N")L" 9JB!). 

0U)L" ! H94H,  !9H)L! 9!9 "/+) 350 º* 9!BO! "9' "L" J)HB J)LH !LH. 

TG--4=;4). ( H94H,  !9H)L! 9!9 "/+) 350 º* 9!BO! "9' "L" J)HB J)LH !LH. RC, RD, DP >;)! SL-

LHP TG-DTG 9"/L"'D 6-I' !99! 4J I!9H/Q!). 

 

6-I' !9. 8"I 4JBH  B!) M"99D E"99DP TG-DTG L+"Q "BB"ID 

6-I' !99!) 9"I 4JBH B!) ;  9: /H J)HB)HP "'D /DND) >5N"/9'D H HL!) UI"ND)" M" "3 

5 )"/"I"LD: SL > DP > RC > RD. 7'D /DND) >5N"/9' >D/L"BLDND: 9"I 4JBH  B!) :, 9: /H M"99D 

E"99DP !P :/4!) "'D /DND) >5N"/9' >D/L"BLDND)DP ):49!IH, I;34!IH),!, 9!BO! "9' "ID FH -FH H)! 

J9! >"MD) !4!)H) 4J !BHE. SL-L! "'D /DND) >5N"/9' >D/L"BLDND 300 º*
 
9!BO! "9' "

 
"3)"/"ID)L" 

!P >5N" D ):49!L! F5/"LD, FUL") UI"M FJ/,!49! LHP F'/")'D F"3M"/"LD. 

DTG F!3)!/!)Q!) 6-I' !99! 4JBH  J)HBH 350 º*
 
9!BO! "9' "L" O+ 5/+E  !"4V+SID)" 9:IO!3LH, 

I5)LDM9") SL B!) DP M"99D FJ/H)F!39H) E"9 F5/DO 9"FD/"LD. 

1)T "MDED/ 9"/L"' F53D)," (7-I' .) 95/MD) UED)LDND 3000–3750 IB
–1

 " "/DND)L" 

Q+L 54I+/_LH T')4V+5)"/LDM 95FD) 4J I!9!LH: SL > RC > DP > RD. 

 

4000 3500 3000 2500 2000 1500 1000 500

 

Wavenumber/cm
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7-I' !9. 8"I 4JBH  B!) M"99D E"99DP TG-DTG L+"Q "BB"ID 

85/MD) UED)LDND 2800–2950 IB
–1

 F5/N") 4!EL!
 
B"3/D 4JBH I'9!QH) 4J I!9!LH: SL > DP > RC > 

> RD F5/"LD. SL >;)! DP-)DP 9"I 4JBH LHP BJ/,! H >5N" D F5/"9D)D) 4J 'Q! F5/"LD, "/ RD 

H,H)L!QH B"3/D 4JBH I'9!QH)HP BJ/,! H 4JBH  BJ/,! H)!) 9JB!) F5/"LD. 85/MD) UED)LDND 1600 IB
–1

 

F5/N") 4!EL! " 5B"99D I"M+)" MU D/DID) 4J I!9!LH: RC > RD > DP > SL. 
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K)HBLH MDELD N") 4!EL! 4JBH LHP H,H)L!QH Q+L 54I+/_LH T')4V+5)"/LDM E"9 O!) B"3/D 

4JBH I'9!4 SL B!) DP " "ID)L" I"M9"/"LD. =JBH LHP 4:/H RD-N" I"M9"/"LD. ], 9: /H M"99D E"99DP 

F'/")'D RC-L") 9JB!) !4!)H) 4J 'Q! F5/"LD. 

2:!3-3$;3. ( H94H, 4J/!BH 9U "M9D F5/N") 4!EL! 4JBH LHP M5ID/' BJ/,! H >5N" /"N") I"3D) 

DP J)LH ' L!PQ!3H U/N"SLD, SL L!PQ!3H "EL"O 9JB!)L!3LH. 8!BO! "9' " 375 º*-9") >5N" D F5/N")L" 

O+ 5/+E  !"4V+S/" D)" 9:I!LH, );9+>!IH)L! SL J)HB 4J I!94H,H M" MD)LD JI!LH. 2J/,!49! LHP 

J)LH 'H M" MD)D "E"SLD. ( H94H,  !9H)L! 9!9 "/+) B!) 1-B!9+/)"T9"/+) M5/L")N") 4!EL! DP >;)! SL 

>"/OD J)LH ' >:3!IH UMI"I, 5/" LDP ! H94H, M" MD)LD/DND 95/'5/L") L" >5N" D F5/LD. 

K)HBLH MDELD N") 4!EL! 4JBH LHP H,H)L!QH Q+L 54I+/_LH T')4V+5)"/LDM E"9 O!) B"3/D 

4JBH I'9!4 SL B!) DP " "ID)L" I"M9"/"LD. =JBH LHP 4:/H RD-L" I"M9"/"LD. ], 9: /H M"99D E"99DP 

F'/")'D RC-L") 9JB!). 

 

 

#L!F+!99!  9HEHBH 

1 H4$ "(:I)4, J'($%K$. =JBH  J)LH ' T "4V+SID)DP I+O"99"B"/" D) E! 99!'. — 2003. — ` 2(26). — 1–5-F. 
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Research of Naomaohu coal fraction processing 

Taking Naomaohu coal as research object, raw coal (RC) was divided into three solid products, which were 

residue (RD), deposit (DP) and soluble (SL), using high temperature and pressure extraction apparatus. The 

effects of the solvent-coal ratio, temperature, coal size and solvent type on the extraction yields of SL and DP 

were investigated and proximate and ultimate. TG-DTG and FTIR analysis were determined. The results 

shown that: when the dosage of solvent was certain, with the amount of coal adding, the yield of DP in-

creased, the yield of SL decreased slightly; increasing temperature promoted extraction of SL and DP, and at 

higher temperature than 375   the yield of SL increased rapidly because of large pyrolysis reaction; coal size 

had little influence on extraction; choosing tetralin and 1-MN as solvents, the total yield of SL and DP was 
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similar, which was higher than toluene. Hydroxyl substance and aliphatic hydrocarbon contents of RC were 

mainly collected in SL and DP, ash content was mostly collected in RD, the moisture content of RD, DP and 

SL was far below RC. 
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