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Raw Materials Optimization and Industrialization of Sodium Humate by
Dry Process of Yunnan Lignite
Yang Can, Zeng Tianzhu'
Yunnan Guohui Biotechnology Co. Ltd., Mile, 652300
Abstract: Dry extraction of Na-HA was conducted using lignite from Shanxing Village coal mine in
Xinshao Town, Mile City, Honghe Hani Yi Autonomous Prefecture, Yunnan Province. The a2 seam
lignite with the total humic acid content of 52.34% and the pH value of 4.91 was used as the raw material
to produce Na-HA. The quality of the Na-HA product obtained was the best when the 24% of NaOH
dosage was used, and the Na-HA product was consisted of the total humic acid content of 39.66% with
the soluble humic acid content of 30.77%, the pH value of 10.86, and the water insoluble content of
23.24%. The location for product industrialization was in the Shanxing Village mining area of Mile City.
The dry process had the advantages that no waste gas, liquid waste and solid waste was produced, thus
there was no new environmental pressure. The equipment selection, workshop layout scale, and designed
process operations could achieve the annual production capacity of 20000 t, with the total investment of
525000 yuan.

Key words: industrialization; sodium humate; Yunnan lignite; dry process

JERARRBE LARARIE . 8L, V50 IR R JRAE. BRAE. BRIESEIRPE R REH 0 T R A
B, A ST AR SR i PR T U JER AL T2 N ASH A B AL B A2 i TE 7K VA
JEHARRIE R TN, SAEBEIE. Ak, PR T ARG, ORI R TR A

[ BEA ] 2023-04-02

EBBN Ik, %, 1994 4, BB IEF, TZAFRMBRRRELTLAMAEN S B, KRR, ANHH
KB BB AL E T LR, E-mail: 2321546776@qq.com, * i@ iRAEE . YR AE, B, TAEIF, E-mail:
2t21828@126.com,,

54



2024 F£55 1 Hf

R

L)

REFRER ™ i B B f b e SRR BAAE Tl
Aol Motk Bl &R AR R T IAT iz
R % A LA, RGN K 43
R T ZE Y, Wk L 2A R a R,
T, AR RNE T MO E AL BT, 7
PR ABIRERAM R TRL L, BAE
FELERIR . ARAME . G ST ORI
TIRBEFI R . VA A R E N sk
HEATHE 34T, % 5% NaOH S [A] F 2 o) e o SRt
SRR BB SRR SRR O, Do S T A
FEREBLER R TESEL, RIBHERR N ™LAk
54 i I Y 1 N W 3 (S5

1 FEBERN ™~ MR R

1.1 #MR5E%
L1.1 EEER

MRk B 2 r E R A RS, T
[FIEFARTIA I =3 /= Pl B /i ep il s L EN TIPS S /s
GB 474—2008 ( BEFER £ 51k ) H 7.4.4 HEHEDY
IIERIUEBURE, SRAEDT IXBRE S, U B2
5~10 m AIERERRIC N al, FEESHBEE 12~17 m 4L
FERRIC N a2, FH S5O 25 2 19~24 m YRR
PRic R a3 o B U I R B TR RA LA 4N, 3 40 H 0,
FAF JEAERR AN ™ Sl 25 . AR AT L ZE 1.

=1 BRROWH
Tab.1 Coal quality analysis

JLRE4 B BRAN T oH ER R IEi R Koy Ky
(%) (%) (%) (%)

al 41.06 5.87 55.69 38.21 5.78 47.56
a2 41.09 4.91 52.34 28.18 33.31 49.31
a3 27.68 3.39 48.67 17.96 29.67 35.37

TE: SRR . R, Koy AT AR

1.1.2 R 7%

(1) JEMRREA ™ il 25 o

MEMEREK ST, $20T R ERFRIBUERE 800 g (LA
TYEiE) , Mot NaOH &, al 24, NaOH
FH R 15% Ab BEARIC A all, NaOH H &4 18%
AL FRFRIE A al2, NaOH H &4 21% 4 FEFRIC N
al3, NaOH JH &4 24% AL PRFRIC N al4. a2 24,
NaOH &~ 15% ABbRidh a21, [FEREFRIC, B
WEATERER (K2) o JEHER KA NaOH, %
AL, SAERUE™ SIS, B, A
FE, HEBPEYS), E 24 h 4k82151k, 24 h )5
& YT 7K 43 2 20% PAR, B SEEHLIN T EE 4,
FERLEER T 200 H, Kar/ANFET 15%, HilfG
R R SBAF R B ™

(2) FEALERANLAA

RIS E B R EBIL: HORIERR T
40 mm, ACPEFES 10~38 vh, HiR}20~400 H. fHIR
KA IR GIER RT+5~99 °C. Shd: A

P E I, BETHEE) 900 °C, A VEYTIRE, @
PR AT, I 28: 75857 50 L, BEHE3# & 0~600 r/min,
M SUS304 ANEEH, EAMmMIIRE, B K
J£0.01 g, #FES kg IR iR 0.0001 go i€
BEAERANL. RNAF S5 L, Heksoh# 60 W, hnia)
F2KW, ZBERM 03 m’, AfE) 40 mL/min,
TEEVE R RT+5~199 °C (S ) » HEAEHR:
FRUEMT AL, BA% 60 L/min, 47 8 m. E5LHL:
%34 0~5000 r/min A H, BSOAAEFH 500 mL, H,
AT A TR 45 RT+5~300 °C, pH AT
RS 0.01, BERERL: 430 A4EEM, 1000 g

REG A ] EEHRF] . NaOH. FERERRHN. ik
FRER. BRIER. HRIR. MRk, MMk . 2
DU 2.0 —AREh . Bk, DUZREIERAN . ARIEZI,
LA 3134 R 3 H 4

(3) $EFRIIE

e FRE R JE A R B S RS ML IR 5 =L AT GBYT 119
57—2001 « K5 65 R 1R 7 2 0 5 vk ) s U
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3278—2018 « JEtam » " i, AWUE S BT K] Excel. SPSS17.0 2K {434 T8 S A AL B,
NY 525—2021 { AHUEREY e s Ko 1.2 RS9

GB/T 212—2008 « KL TV A4 786 ) e 2, JERE RN S BRAL e AR A R G WL 3.

3 2 NaOH i & X ZEa R EAGIRE SIS /B AR~ Mm% it
Tab.2 Experimental design for the effects of NaOH dosage on sodium humate products extracted from lignite
in different coal seams in Yunnan Province

e BEFWRER (2) NaOH
FIR (%, DURTHE) it (g)

all 800 15 120
al2 800 18 144
al3 800 21 168
ald 800 24 192
a2l 800 15 120
a22 800 18 144
a23 800 21 168
a24 800 24 192
a3l 800 15 120
a32 800 18 144
a33 800 21 168
a34 800 24 192

% 3 NaOH A E X ZE T REIR RS 1SR ERR I mIBUIERGIT R
Tab.3 Statistical table of physical and chemical indexes of sodium humate extracted from lignite
in different coal seams in Yunnan Province by NaOH dosage

i BEAERR (%) TIETEERRR (%) pH Koy (%) IRAED (%)
all 59.90 23.39 10.09 18.05 63.62
al2 58.67 35.12 10.55 19.17 42.86
al3 57.63 37.85 10.70 19.64 35.66
al4 57.14 40.12 10.77 21.19 28.21
a2l 44.16 4.22 8.10 18.68 79.22
a22 42.27 17.06 9.55 22.00 55.29
a23 42.56 25.35 10.15 20.80 34.67
a24 39.66 30.77 10.86 22.06 23.24
a3l 43.87 3.54 7.83 20.68 79.17
a32 42.36 10.02 9.12 23.09 70.89
a33 42.02 29.08 10.20 23.73 30.22
a34 41.92 31.48 10.61 24.96 25.73
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1.2.1 NaOH H & * 7~ [E] K& B 48 5 | 15 & A8 8. 41 7~
o K E AR A B

Bl 1 IR, 7€ NaOH FHRAMFE &M, B
P B0 ™ i S B R 5 1 B A L2 1 AR AT A2 A
M NaOH F[FH 15% I, al 2REEHIE TR
B S BRI 1 i i e 59.90%, HUKOE a2 2
ey SR 45 0 R R A 7 i AL TS AL TR 5 B 44.16%,
a3 JE 46 M T AT T AR R AN i LB IR B R A
43.87%, SR EMNKRIKE al > a2 > a3; Y
NaOH J & [7] K 18% W}, al JZ 46 K Ab # i £5 65
R TR B0 7 i S R PR % R A Rl 58.67%, HIIR
ST a2 )2 e R A T A5 R R B A O A TR
TR 42.27%, a3 J2 A A0 LI AT R AR R B 7
MUBRERE & RGN 42.36%, & & M ERAR R
JEal > a3 > a2; 4 NaOH &K 21% I, al
J2 6 AL B T A5 R R B B AR TR e A
R 57.63%, HURE a2 J2 46 1 Ak L) 45 KA IR B
PR BRI SRR 42.56%, a3 JRME AL BRI
FEAE R ™ i S RS R & R e AR 42.02%, &
M BRAKIK A al > a2 > a3; 2§ NaOH & [H
g 24% B, al 2 R AL B A A R A i A
MRS RN 57.14%, HUE a3 E Bt
TP B AL 7 i L S ML R 7 5K 41.92%, a2 2
Ay O AL FEEL A5 F AL PR N S M R R B A
39.66%, M EEUIKIKGE al > a3 > a2,
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Fig.1 Effects of NaOH dosage on total humic acid content of

sodium humate products
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JEAEBERE S AR S R IR A OG, al AR
MBS AE R S B R N 55.69%, a2 JR MR IERE AR
AR & BN 52.34%, a3 )28 BERE i A 5 M R
RN 48.67%, M BEAE S B BB RS R
A, A5 4 R A TR N A ML R R
] — 0L J 2 e A i T A5 T AL R A ™ o S A R
i, fifi NaOH FH & (122 41 484k . NaOH A =8k,
A5 FE AL PR AN 7 S T M R 1 BRI, B
S H 2 NaOH B8 I 2 4 JE0R 18 A
TR AR & B ANAE, AR N R R R,
ToMLER & B 7 e, B AR R B R A
Wb,

1.2.2 NaOH A & *f 1 [ B 2 48 HE %) 1% 6 A8 B2 4 7~
o ] VA M R AR B A B B

K 2 WoR, f£ NaOH H &AM, M
PR = Sh T VAR T A R & i, BB A2 I AR 4k
M A2 4k, 4 NaOH H it [7] 4 15% B, al 2 # 1
A FEE ) A5 T AL TR M 7 o A R R R e
23.39%, HKJE a2 2 AL BG4S B R R N
A VA VE TR TR & 5l 4.22%, a3 248 M 4 3 i 15
3 AL T A0 7 i P R R R AR AR 3.54%,
B s BRI 2 al > a2 > a3; 4§ NaOH M
A 18% I, al J2 4 M Ak B 45 o R IR 40 7
AT TR M R 1 A e 35.12%, HLIKE a2 J2
ey R ALk L )45 L A R VR R AR R 1
17.06%, a3 J2 6 HEAL B3 ) 45 J65 A IR 7™ i v ¥ 1k
ARG & i AR 10.02%, & & M s BRIk &
al > a2 > a3; 4 NaOH &R N 21% i}, al B
ey 08 ALk L )45 P R ™ i T T A R i A
N 37.85%, HIURJE a3 J2 4 BEAL B 45 R R
B R TR R AR TR S N 29.08%, a2 2 IR
A2 T A5 FE AL TR N 7 i T R R S B A
2535%, M EERIROE al > a3 > a2; Y
NaOH F & [F] K 24% B, al 246 B4k BE 4045 7 A
T B 7 i T VA R S R R A R g i K 40.12%, HR
& a3 246 AL B A5 R R AN 7 i T VA A TR
TN 31.48%, a2 JE e AR AL BRI A5 SR AR IR BN
AL VE I A R B A 30.77%, M\ i 2K
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Fig.2 Effects of NaOH dosage on soluble humic acid content
in sodium humate products
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1.2.3 NaOH A & x4~ [B] /B 48 K $7 B A8 2R 44 7=
& pH fH B & m

Kl 3 W7, fE NaOH HsmAHE 5T, HIE
FERREN ™ i pHAE, RffE L2 A A8k, Y
NaOH & [F K 15% B, al J2 46 BEAb 60 45 768 A
B i pH {E Fe R oA 10.09, HKIE a2 E 45 AL
B 45 65 M R B 7 pH E A 8.01, a3 J2 48 KAk
T 745 65 A R A 5 pHL B B IR 7.83, pH {E M
i ERAR K S al > a2 > a3; 4 NaOH Hl &[4
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18% I}, al 254 A5 Ak BT 45 65 4 1R 94 ™ i pHL 1A
N 1055, FLUR R a2 206 M Ak B A5 55 A R
By pHAE N 9.55, a3 J2 4 KAk B 145 6 Al iR
P pH B AR K 9.12, pH B M i BIMIGAR U
al > a2 > a3; 4 NaOH &R N 21% i}, al B
ey Ak FL R A5 TR AF IR 94 ™ pHL B B R 10,70,
FLUR 2 a2 245 1A 3L 45 Jo A R 4 ™ & pHL{E A
10.15, a3 )2 i A5 Ak B 1 45 J6 A PR 44 7™ i pHL M i
i 10.20, pH fE M EMIRIKIKZ al > a2 > a3;
4 NaOH I & [F N 24% W, a2 J2 R Ak 3 15 5
FERRSM 7™ i pH B I =5 10.86, HUCE al 2 a0
Ak B A5 TS R ER B 7 pHL ALK 10.77, a3 JZ a4
Ak P45 T AR R B b pH B R AR A 10.61, pH fH
MEEMRARIKE a2 > al > a3,
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Fig.3 Effects of NaOH dosage on pH value of sodium
humate products
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1.2.4 NaOH F & x4 [B] /& 48 K ) 45 J& A8 2R 44 7=
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H R a3 2 M AL S H45 JE F RN S oK AT )
PN T79.17%, al J2 KA FR A5 T AR IR B 7
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JZE 6 AL B 45 6 R R B OK AN B R
K 70.89%, UK a2 )2 46 K Ak BRI A5 5 A R B
PR &8 55.29%, al 2L B HI1S
JEAEFR BN 7= K AN O Bl ARl 42.86%, 5t
M BRAR UK J2: a3 > a2 > al; 4 NaOH H = [Al
R 21% BF, al JZ AL B T 75 6 AT R B 7 dh K R
WY& BN 35.66%, HUKZE a2 J2 18 1AL B
A A RN 7™ SK AN & 5K 34.67%, a3 2
ey I AL BT A5 AR R B R K N TR 5 B IR
30.33%, &M EMRIKIKAE al > a2 > a3; Y
NaOH J & [F] Ky 24% B, al 246 BEAb #6045 76 A
BN KA & i de s 28.21%, a3 AR
A P 45 O M R B S K ORI % ek 25.73%,
a2 J2 1 S A F ) A5 S A R B 7 K ARV B R
ik 8 23.24%, & & M E BRI IR A2 al > a3 >
a2, [A]— B2 M 15 R A R B S K AN TR B i
Bl NaOH H =22 fhmiZAe 4k, NaOH FH ok, i
1R R RR BN ™ S K AT B ol X — %
AW RJERE . —J7H, NaOH A7KEEYIT,
TEF — A5 BT, NaOH FHE#R, /KBy
it di R, KA & i LU R BEAIG . KR
V) A SRR KT NaOH R4, 55— J7 i,
Bfi# NaOH FIRIE I, AEY/K ML S5 NaOH
AR SN A i e L NS Y & N L7
ot MR R OCHIH &,

gi By AT, AR HG/T 3278-2018 « Ji A
PR ) PRUE 4.2 PR R B 0 I R B R FR bR K
HEZH NaOH PN &L, 7EA ORI N, R
MATETZE, JRA a2 ZHHEAE NaOH HI &4 24%

N T R PRGN TIE 5 NE 1= 0 WA =X 3D O
pHAE N 491, EEHIRRS R 52.34%. 4 NaOH
FH R 24% B, il 28 0 SR AR B B0 7 oK AN
AN 23.24%, RTEVESHLIR & 520 30.77%,
pH fE A 10.86, LAEAHRR & K 39.66%. K I,
feide th a2 R R BEAE N SRR RS 7™ b A2 77 SRk} .
SE T NaOH Hl N 24%.

80 I

=
<
T

W
(=}
T

KA &R (%)

)
W
T
5

20 1 1 1 )
15 18 21 24

NaOHf & (%)

4 NaOH F 2 X/ HERR A= MK TR S BN
Fig.4 Effects of NaOH dosage on water insoluble content of

sodium humate products

2 FERIBER MRS R
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B, BT & ass. 2Epl. plk. ok
ML, S0 . Rk, PERIL. EERL. HEFAL.
HAEHL. BB . BRI 4.

R AR H P 100 t, H 7R 2400 t
CF¥HTAEHLA 24 Kil) , 4774k 20000 t (&
AETAERT % 250 Kit) , & S8 52.5 7.
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Tab.4 Production equipment list of sodium humate products

W A== Re (th) IR (kW) B BPRAE (J1o6) ) R
SEEML — 226 2 14 EHE
Bl — 150 2 2 AL IE
ERERL 30 200 1 3 I M4
ST R 5 6 3 2 T M4
ikl — 95 10 5 TR T
FERHIL — 50 1 5 [aNEaE3el
TERIAL 5 15 1 4 ik
HEFAL 5~38 120 1 7 ik
FLHEHL 30 3 2 2 AL I
HeliRress — — 10 1.5 T HR-%
YA — — — 7 —
&t — — — 52.5 —
50000mm
= .
lE £ BRHX
SERE-
G
=
&
g
=
S e g e |2 - ;
i =3 E lrprpl Ebies .
i 500mn g g L S pepipl § B IX g[g
E ' e 10000mm ESOO()mm A 0002111 § §
S| " \ZT s |2 mrn | 2] wan N
8000mm |2 | 10000mm |2 | 10000mm |S
7000mm 20000mm
78600mm
5 BHEERNmSRNIEREARBE
Fig.5 Basic layout of sodium humate products processing workshop
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JEORMBEAN . TRy . ASINERLBERE . BT CRBPIR Sl .
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Fig.6 Production process flowchart of sodium humate products
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