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Abstract ; Industrialized application of lignite is restricted,due to its high moisture content,low calorific value and poor stability. However,
lignite coal contents highly humic acid,and the extraction of humic acid has high biochemical activity, which has been widely used in the
fields of agriculture , medicine, environmental protection and other fields. In-this paper, the research progress and application on humic acid
extraction were reviewed. The process and mechanism of extraction of humie acid by alkali extraction,acid extraction, microorganism were
emphatically described. The preparation of the green,stable,low price, high yield humic acid, and its application expansion are the research
priority of humic acid.
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Fig. 1  Alkali extraction method flow chart
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Fig. 2 Acid extraction method flow chart

1.3 MEWARREE

TR RS2 55 7 AL PR BT Fh Eh B I I B 45
R R KA T WAR S AL B9, — AR ME A
EEI AP B, AR P e A 2l A )
Gy USSR AA 8340 16k ) R A Y B AR IR
S E R EED R s R e A
A RS AR B B P2 A SRR VR Tk 0 1 45 A
FHES B R GBS 5 XK=b AT H XK—c) TR
HAMEIL AR AT T 54k, 85 R R, XK—c X
JEAE TR B A B WV R RE 0, B A R B A R R IR
36.34% ; XK-b ¥ALIEHEIR 12 d J5 , BB IR ™= % N
66.32% ., ZLAMr BT R, BB TR LTS 4548 1+ 4
FEALL, T A T A0 S o T e A iy S 5 4 2 1) 5 i
HIFREL W SR Bl | 5 B Ty B R
A [ B F2 3 RN R S 3 fin ik i s Ve
MR Z | F 264 . ol FHL3E B 5 e LR



SRAGHEST M LI HEL R P I A B AT 7S

2018 4F55 1

KB VE AL
1.3.1 #WAEANE

T A A AR 3 AR P 43 0 8 B 42 SR ol e R
S B Ak, 3k B0 AR BT 9 H 9, Strandberg
S DO AR R R R SR R R B, LA B 2
Jo AR IR A R — i B B 2 R A YL A
fig VR HLor ¥ Bid s/ JE 2ikigm A R = 2
et A A FH 4 0 B 55 i 0 - P P A i 4 22 RN
ZWEA 3, Quigley 577 BT & B, BB TE A
BEFRFE b7 A R B T ol A o e e 1 35 AT
Tk,
1.3.2 H4HEANE

T 53 1 AR B TR R 2 T 3 TR IR B A
FARALVET . Dugan %57 A @B 9 24 4
JEFHE T, fERILE TR Z R REN Y
ARG RIS &R BTN B E A Y,
w4 T OIS, HREh A A AR T S A B, -0 A
fift 1345, PSS o 2 R A e &
B, R B R A G R REEE A
L4 )BT, U HSE Ca® Fe Fl Mg™ %5 i3
W RN EGE B FAESWIERG BT
P (BB A UL RE R — TR A
1.3.3 EEfEALE

T o WA T (AL Il R I | A Ak
it S K fiff it A5 ) W AR AR R o 2R IR B R S AT
FHA MBI K> F 454, P iCE 9 43 e i 4k
it T AR AR, B RO BA: W R f = 1L O &
IR TR, C S N, H H O 7t bl K A B )
RN N, BIFFE R B, AR AR Wy B A aod A P 2
B A A K A S, Wk AR R G K Hp
VEMECPE F8 7 A A I R ik AL g % il e it
ALY , A A TR N RE ), WHE R AL
PR EAIE B A S TR A AT A, R
PYE R N AR kA T Ao R RN, 7 o
FEAK, C A O S disl, Hy =W B2 () o o5 &
A A, AR @ 4N (S ) AR
(AR 2R AT TR ) o i 4 AT, 445 SR 3 I, 1l 2 W % fi
JE FIAE RS R TR 25 B 1R 3] 40. 8% , A B MK SR
fif st R SR AN A RN TR T AR B S
PR A AR 7 A T A g X A SO A — 2 B A | 75 R T 4
RN L TR A5 15 TR B A hi R ASOR B i I 2518

A e BV TS TS Y R VAR
P A AT P R AR (A R R ORI

WUEIEFR AT 2, 5y 2B i

Tl A8 JE R e R T A A R T DA e T A
R AR B AR R T 1) KA R
TG AL 7R B o S AT P 7 3 1) 3 Ik D L 2
FET 1 A 2% 1A 6T 8 R K M T AL TR ™ SR I 5 i), 5%
M) K /0N B4 JIGE I Sy 358 A 3500 v B8 > % Ak 7] 3 B > |sf (1]
=) FORRAE ) 40590 SR AR 7 A B BT T 12 AR Ak
il 25 R RG>k CuO FIEEAR CuO LT, LA H,0, K
SR b ST U R T IR M R, 45 SR R, 2
FRIESRA A0 K CuO ¥ AT $2 /55 6 A8 R 1™ 365 SRR
SR KOH RV @ilUR R 5k 45 & T4, %
IR JRE e P T A T 0 A 7 TR oS8 3 A, 445 2R
ZNTE A FORE A 5 R A BE A RE S A B, B R R
N 4% ~6.4% ,F B AR & XS 2. 6% ~
3.9% KU TR REIR & i3t 15. 67 ~25.75 £,

2 BHEBRNA

2.1 fER\FEHI A A

TCHNERE Y b o AN P A it I 5 3y
etz RV A IR H £ 58 LR N
AT FH ek /D | 00 B0 5 e AS & B R
PR I A AL JE S EE e

JEREFR IS AL (T FR B AR ) J2& L HA S E 44, i
Lb U B0 S A T R RS A AL R, AT R
KB LU T Di6g . @ J0E Y A= #RACH . HA
A B S P AT (AR 0 i AR L R R 2 A Ak
B e, W E AR R A @ MR+
BEZEN . HA FTLAYR & s 75 o 49 1% pH
{8, il H 3 mEAS , AT Kk AR AL BB i
FEE LM EN;Q REFSFHE, HA 54
TR R I 5 3 A6 0 1 R AT, 1T 5 45 A IR RHE
I B B, AT B 1 SR B B 25 DA
TR 2 E /K R0 32 s AR R F R MR @
SEYERIPUME, ERIRR AT DU S R BT e Bt
R PrEhea > mE S,
2.2 FEIFIIRIPGIEA R A

JEAEER Y A Tk sk i i T2 . O &L
VeI AL 3R 34 T 2% i A e M R AR @ B
W77 45 751 R B 4 A 2 W B R T A R X 4 R S - L
FRMRAES (&%) A Re)), il S sud b 4 8 B 1, 2
AT @) TR K] Y @ F e b B
kY & A, 8 R R R B A Y
pH {H | LWRTHFR, HALE5H Ak | AT RSO <Mt Jit

9



2018 4F55 1 A

ik 4 4 H# K

%24 %

YA FARMI R > BeAbh, T IR A v LA
AT 7R FRTAE PR 2GR | B U A
2.3 EEHTENLA

H A, S R R AR 258t R 2 28
WS FIG RIS 2 B, HAEDTR DU s G R Sy
J1 R Akt e BT B E R RS
TR/ (AR BTN 600) B RERTF 5 AR
AiE ke R vELr B8 iR AR THUARS it
PO (B0 ) B RS, T MLAB BRAC IS, T AR R
SO R AR IIRA Y, H R S 4R U %
SiEEAARAROCR , PIIL, B AH IR A = 25 40U 9 1 FH
T e BT I PRI S B 56 Y
2.4 TEmMREE LR

JERE IR B A BRI Z5 A D T A e bRk 25 T
T, FH AR, AR 5T & B, R R R
S TRER SR AR | FLIRZ5 40 ik | O 1 e
JE & 2L IR A TR AE R IR ) A I A R S
PR 25 f] B AL R AT ) 25 0 B R IR LA i 2
FLke , HLAT DLii A e AR T 20 25 R o) HLFL S5 R A 7 9
B MR — SR SNl B
878 m*/g M HLFEMEFL,0.7 ~2 nm ML 3.5 ~4.5
nm LA 500 nm B9 KL, HAE 3 mol/L ) KOH
FAL T P FE L 2R3k 265 F/g B 5 A/g R L8 1
T, e Ak 203 F/gl® Ak A URAZH LS
FETR S JERk, 388 2 340 J5 A1k 1ok i ) i % g A PR S A
BB I A A B R T R R
B L L CO, MR K AL BRAEJ51h

3 B E

ETC AR it FOROR JE HERR A E SRR R
RRAEA Tl FROR B2 2TV Rz, Ik
XTI B AR A9 B2 I JBE 3 T BE I ) e 2 TS s M
MBATEZENEN, AR, MR A
XHEFPRBT SRR AR Z B 238 39 A4
AR H A SR T AR £ 7314548 JE LB 5 2F
HEPEMGE R, UL, BRI AT SRR ME T,
FHER IR T ZRE AR AR AR O R 4R R
TR R T AR ) 7 P A SR AR PR E S Y
LI

5 % 3L ik ( References) :

(1] JAPREE, W 5E . AR N FH b A A2 BE il [ M. Jb st b T
Al H RiA L ,2007.

10

(2]

[3]

[4]

[5]

(6]

[7]

[8]

(94

[10]

[11]

[12]

[13]

[14]

[15]

ESLAR. AR Y B ARRE R A B R D] SR
ARJFi),2014(3) :82-82.
AR AR BT AR 76 4 J B /K AR B e (9 S FHF S [ D). IR
R S A R, 2015,
KOSTIC I, ANDJELKOVIC T,ANDJELKOVIC D, et al. Interaction
of cobalt(II) , nickel (II) and zinc (1) with humic—like ligands
studied by ESI-MS and ion — exchange method [ J]. Journal of
the Serbian Chemical Society,2015,81:94-94.
ANGELICO R, CEGLIE A, HE ] Z, et al. Particle size, charge
and colloidal stability of humic acids coprecipitated with ferri-
hydrite[ J]. Chemosphere ,2014,99 (1) :239-247.
EWsE, AR B S Pb™ 46 KM MG mits[ cl//
/N 2 [ 2r G IR R NLRL (AR5 ) B R BT dh A8 218 30
£ dtnt[s. n],2009.
AXMG, 2R SO, BRI, A IR JR e BB AR B Bk e A
[T]. Wi R 2015,21(1) :37-40.
ZHAO Peng, LI Wenbo, LIANG Jiangpeng, et al. Status and devel-
opment suggestion of low rank coal upgrading technologies [ J].
Clean Coal Technology,2015,21(1) :37-40.
IR HIRTR AR BT IR S A S R &R ] ) ARk
T1.,2012,39(6) :133-134.
SU Tianxiong.«Briefly on the distribution and utilization of low —
rank coals Tesources in China[ J]. Guangdong Chemical Industry,
2012,39(6) :133-134.
IR /N, B A SRR I T T R RR T i (0]
KN 5L55F,2007(2) :29-32.
XU Dongyao, XU Xiaofang, WANG Yan, et al. A new method for
extraction of humic acid from lignite[ J ]. Coal Processing & Com-
prehensive Utilization 2007 (2) :29-32.
rhie N R A ] ] R e WA o R B Ry A e AT R
SR AE 7 : GB/T 11957—2001[ S]. ALt . P Rofls i R At
2001.
TR, KDY, Eh I SC. AR 0G4 IO T S A R B0 S 3 B AT
[J]. BiFHAL T 2017 ,46(9) :1720-1722.
GUO Ruoyu,ZHANG Pan, MA Hongwen. Preparation of potassi-
um humate from brown coal of Chifeng: An experimental study
[J]. Applied Chemical Industry,2017,46(9) ;:1720-1722.
GARCIA D,CEGARRA J,ABAD M. A comparison between alka-
line and decomplexing reagents to extract humic acids from low
rank coals[ J]. Fuel Processing Technology,1996,48 (1) ;51—
60.
FONGS S,SENG L,MAT H B, et al. Reuse of nitric acid in the
oxidative pretreatment step for preparation of humic acids from
low rank coal of Mukah, Sarawak [ J]. Journal of the Brazilian
Chemical Society,2007,18(1) :41-46.
ERE AR VR, A M Al A IL . I R A
BEFELT] . HRRHESA2AR,1991(2) :163-169.
FESCHR 2R AR R R, 4. MR e b SR U AR 19 T8 e
HEHPFE[T]. AL T ,2017,44(1) :24-30.
CUI Wenjuan,NIU Yuhua, LIAN Yuqi,et al. Study of process of

extracting humic acid from coal and its structure[ J]. Chemical



SRAGHEST M LI HEL R P I A B AT 7S

2018 4F55 1

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

Fertilizer Industry,2017,44(1) ;24-30.

THOMG 22, 005 A, AL IR T, S5 R A B 4 A v T B R
AR & S MR A [ ] £ 32741, 2009,46(3) -
488-493.

AR /NS A A RS R G T 4 A R A
M T2 []. RS8R E ,2013,30(6) :2955-2959.

GAO Lijuan, YANG Xiaoying, WANG Shigiang, et al. Extraction
process of humic acid from lignite by ultrasonic—nitrate[ J]. Chi-
nese Journal of Spectroscopy Laboratory,2013,30 (6) 2955 -
2959.

YANG L,LIANG G,ZHANG Z,et al. Sodium alginate/Na* —rec-
torite composite films ; Preparation, characterization , and properties
[J]. Journal of Applied Polymer Science,2010,114(2) :1235—
1240.

TRAKAE ZE A, . A5 5 AU i A U SR S AR AR 1 T2
FEPERTL )] LR RR 201453 (21) :5245-5248.
ZHANG Shuihua, LI Baocai, CHENG Feixiang. Producing humic
acids from brown coal with hydrogen peroxide and properties of
the products[ J ]. Hubei Agricultural Sciences,2014,53 (21) .
5245-5248.

JEIZE45 525 A e, 55 H,0, M8 LIS IR X & e
REFAT RSN ], B TAE 2016 ,45(10) 18691872,

ZHOU Xiaoju, YI Yun,HE Zhiyan, et al. Effect of H, 0, to humic
acid and oxygen—containing functional groups of lignite[ J]. Ap-
plied Chemical Industry,2016,45(10) :1869-1872.

Y, TR, WG SR AL R BT Sk (1] e T
WERE,2015,34(10) :3557-3562,3608.

QI Yuyan, WANG Rongchun. Chemical reaction in subcritical wa-
ter[ J]. Chemical Industry and Engineering Progress, 201534
(10) :3557-3562,3608.

MR, KL BASELL, A5 () I S K AR e AR St
ML S BT EIE [J]. 2 T LR S TR,
2014,30(11) .185-190.

BO Caiying,ZHOU Yonghong, HU Lihong, et al. Progress in pro-
duction of phenolic compounds via hydrothermal liquefaction of
lignin in supercritical and subcritical water[ J]. Polymer Materi-
als Science & Engineering,2014,30(11) :185-190.

FRATER. Wil FOKFERAE S BT A 2 BB I ()] fb it e,
2002,14(1) :32-36.

WU Renming. Application of suberitical water extraction in ana-
Iytical chemistry[ J]. Progress in Chemistry,2002,14 (1) ;32—
36.

RS A ZE K BIE R S R R [T ], AR R4t
1996,11(2) :193-206.

XIS, 4, B8 2 A5, Jo el M K P B B b i 2
WEE[ )] BRRHME2: 54,2016 ,44(2) :129-137.

LIU Peng, ZHOU Yang, LU Xilan, et al. Structural evolution of
Xianfeng lignite during hydrothermal treatment[ J]. Journal of Fu-
el Chemistry and Technology,2016,44(2) :129-137.

B IE AR SCHR SRR, A I K 28R AR SR AR BB
HBFFE[J]. M4k, 2005,28 (1) :25-29.

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

CHANG Hongyan, XU Wenjuan,ZHANG Dexiang, et al. Study on
the deoxy — modification of low rank coals under pressurized
vapour conditions[ J]. Coal Conversion,2005,28(1) :25-29.
TFHIR, KR AR, SRR AL S, K A AL 3 T b A BT 1Y 5 1
[T7. BRRHE2241 2006 ,34(5) :524-529.

WANG Zhicai, SHUI Hengfu, ZHANG Dexiang, et al. Effect of
hydrothermal treatment on some properties of Shenhua coal [ J].
Journal of Fuel Chemistry and Technology,2006,34 (5) :524 -
529.

BUAE, WRIAR , X A, A, — B i A A R A B R
771 :CN105461758 A[ P].2016-05-17.

TRHEFY R IR A LV I XU J5E i O A R 1
W SERT]. AR T, 2016,45(3) :17-19.

ZHANG Yanling, GAO Jianren, HU Zhaoping, et al. Experiment
research on extraction of humic acid from Shanxi province weath-
ered coal[ J]. Shandong Chemical Industry,2016,45(3):17 -
19.

IR R, TR piy XA T 45 S A R A PR LA TR T ). I
FRFFMCARRRANR) ,1994(4) :48-50.
FFHE IR AR R A AR B e A e e (0]
HERFLEHAR ,2005,33(9) :63-67.

TAO Xiuxiang, YIN Sudong,ZHOU Changchun. Research and de-
velopment” of microbial conversion for low — rank coal [ J ].
Coal Science and Technology,2005,33(9) :63-67.

PRI, KV AR SR BT SRAR B MV T B S S
[J]. Fred B ,2017,54(6) :1130-1136.

HAN Jiaojiao,ZHANG Tao, LIN Qing, et al. Bacteria isolation and
identification of Xinjiang low—rank coal solvent[ J]. Xinjiang Ag-
ricultural Sciences,2017,54(6) :1130-1136.

o (vl [, 22206 A7 4K, A% A I I W ik R0 A 0 T R 1 0 M
W7 B BB PR PERIT S [ 1] R AELIR ,2011(2) :6-10.
GAO Tongguo, JIANG Feng, YANG Jinshui, et al. Isolation of
low—rank coal degraded bacterial consortia and characterization of
the degraded fulvic acids[ J]. Humic Acid,2011(2) :6-10.
Y. P ME MR W S O R RO R [ D] B
BUIHL TR ,2014.

TR i PR, JE1 22 T A T R O S P A R )
AL )] AL 541 T ,2009(7) :79-82.

STRANDBERG G W,LEWIS S N. Factors affecting coal solubili-
zation by the Bacterium Streptomyces setonii,75Vi2 and by alka-
line buffers[ J]. Applied Biochemistry & Biotechnology, 1988 ,18
(1):355-361.

QUIGLEY D R, WARD B, CRAWFORD D L, et al. Evidence
that microbially produced alkaline materials are involved in coal
biosolubilization [ J ]. Applied Biochemistry and Biotechnology,
1989,20(1) :753-763.

DUGAN P R,MCILWAIN M E,QUIGLEY D, et al. Approaches
to cleaning and conversion of coal through bhioprocessing[ 1./OL].
US: Research Gate, 1989 [ 2017 = 12 - 09 ]. https://www. re-
net/publication/255549465

searchgate. Approaches _to_

cleaning_and_conversion_of_coal _through_bioprocessing.

11



2018 4F55 1 A

ik 4 4 H# K

%24 %

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[50]

12

WA WA AR AT [ D). BN P E R
2014.

FAEEE R B 2R P A3 AR R SR R R A B Y
[Cl//&EfbE TR SEYA T2 Kb [s.n],2005.

Al H, Bk . LAXUAR A S SOt IS A R 6 10 T 2
(1. St AmAL T,2008,34(5) :4-5.

XIE Tian,DUAN Yonghua. Study on humates from weathered coal
[J]. Inner Mongulia Petrochemical ,2008 ,34(5) :4-5.

TRBLER R4 ST o, A I A A X 4 A b K I A
R R[], AL ,2011(3) :10-12.

ZHANG Yuexi,SUO Quanyi, HU Xiuyun, et al. Effect of activa-
tion conditions on content of water soluble humic acid in lignite
[J]. Humic Acid,2011(3) :10-12.

EV AR, S, TR, S A RITESAIK CuO fiE A AL XAl
PR A BRIBTTE[ )] AR ,2016(4) :16-21.

YAN Baolin, LU Jian, MENG Lili, et al. Preparation of humic acid
by catalytic oxidation of weathered coal with different morpholo-
gies of nano—CuO[ J]. Humic Acid,2016(4) :16-21.
SR, LS WR T, A5 XU AR R T AL ROCR I 5T K
HERNLA ™ TRV (1] AR 2016 (4) :30-33.

WU Qinquan,LU Yanyan,CHEN Shigeng, et al. Research on the
activation effects of weathered coal humic acid and discussion a-
bout the production process of its slow—release fertilizer[ J]. Hu-
mic Acid,2016(4) :30-33.

INGESR LB W R A R AR AT MLIC LA A g B
FIX A K R i [ T] . HERR ,2016 (1) :8-11.
SUN Xiaoran, BIAN Simeng, SHANG Hongzhou, et al. Effects of
humic acid organic — inorganic complex soil conditioner on
the growth and yield of Chinese cabbage[ J]. Humic Acid,2016
(1):8-11.

SRR R, TRIELE, A5 M AR 22 D) B T I AR RCES b
FEAR T A LA SE (). SR, 2007 (1) :40-46.

ZHANG Hailian, CHANG Xinqgin,ZHANG Lianxiao, et al. Appli-
cation research of humic acid multifunctional degradable mulch
film in cotton[ J]. Humic Acid,2007(1) :40-46.

ik, skaky, TR R, ZWIEAS IR A & Bt AL i iR
BT A Z I T 25 T]. AR, 2011(3) :16-21.
MA Xianfa,ZHANG Jizhou, YU Zhimin. Study of optimizing hu-
mic acid liquid fertilizer complex process of saturation by quadrat-
ic orthogonal rotation design[J]. Humic Acid,2011(3) :16-21.
JINDO K,MARTIM S A,NAVARRO E C,et al. Root growth pro-
motion by humic acids from composted and non—composted urban
organic wastes[ J]. Plant and Soil,2012,353(1/2) :209-220.
ANJUM S A, WANG L,FAROOQ M, et al. Fulvic acid applica-
tion improves the maize performance under well - watered and
drought conditions[ J]. Journal of Agronomy and Crop Science,
2011,197(6) :409-417.

EL-KHAWAGA A 8. Effect of anti—salinity agents on growth and

fruiting of different date palm cultivars [ J]. Asian Journal of

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Crop Science,2012,5(1) :65-80.

XUPFPE, XS AT, 58 DG I, S8 i AL R 75 3 I 68 38 o 14 iz
[T]. FERIMR ,2012(3) :11-17.

LIU Dandan, DENG He, GUO Qingshi, et al. The application of
humic acid in oil field drilling fluids[ J]. Humic Acid,2012(3) ;
11-17.

NASCIMENTO F H,MASINI J C. Influence of humic acid on ad-
sorption of Hg (1) by vermiculite[ J]. Journal of Environmen-
tal Management,2014,143.1-7.

BAICE . FEFTF R K AR MR T IR ER AR SR IR B )
1 B K PERERF ST [ D], JBT) T TR % ,2016.

Huusken R. Anti—sulphation pasting mats for lead—acid batteries ;
U. S. Patent Application 15/316,235[ P].2015-06-17.

SUN Z,TANG B,XIE H. Treatment of waste gases by humic acid
[J]. Energy & Fuels,2015,29(3) :1269-1278.

PN AL ERAN I S SO, AT NO, Y SZ8S K AL B 5T
[D]. b, 1 iEAg5E K% ,2011.

X, S5, e, . R A BRI W B A S Ak 7 b
YWEFE R LT A A R 2013 ,40(11) :79-83.

LIU Na, QT Jingwei’, AN Xiaoping, et al. Research progress on ap-
plication ofhumie acid substances in animal production[ J]. Chi-
na Animal Husbandry & Veterinary Medicine,2013,40(11) .79~
83.

TKAKHE 2= TR E IR, 4. H, O, SR I ™ I AR 19 1 56
WFFELT]. LR 2012 ,40(15) :8677-8679.

ZHANG Shuihua, LI Baocai,ZHANG Huifen, et al. Experimental
study on the production of humic acids from brown coal using hy-
drogen peroxide [ J]. Journal of Anhui Agricultural Sciences,
2012,40(15) :8677-8679.

EEWIIN S L O SE N N A WER AL DPORFIR Eov/ ek & v SN
P2 PERERZ IR [ T]. FLRER ,2015,39(6) :1248-1250.
WANG Li,ZHANG Chuanxiang, DUAN Yuling, et al. Effects of
oxygen functional groups on electrochemical performance of acti-
vated carbon [ J ]. Chinese Journal of Power Sources, 2015, 39
(6) :1248-1250.

HUANG G,KANG W ,XING B, et al. Oxygen-rich and hierarchi-
cal porous carbons prepared from coal based humic acid for super-
capacitor electrodes[ J]. Fuel Processing Technology,2016,142 .
1-5.

XING B,HUANG G,CHEN Z, et al. Facile preparation of hierar-
chical porous carbons for supercapacitors by direct carbonization
of potassium humate[ J]. Journal of Solid State Electrochemistry,
2017,21(1) :263-271.

HUANG G,LIU Q,KANG W, et al. Potassium humate based re-
duced graphite oxide materials for supercapacitor applications
[J]. Electrochimica Acta,2016,196:450-456.

XING B,YUAN R,ZHANG C, et al. Facile synthesis of graphene
nanosheets from humic acid for supercapacitors[ J ]. Fuel Process-

ing Technology,2017,165:112-122.





