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Effect of biomass surfactant on dehydration performance of low-rank coal and its mechanism
LIU Mingpu, LIN Mengyu, HU Shanpei, YOU Xiaofang, LI Lin

(College of Chemical and Biological Engineering, Shandong University of Science and Technology,
Qingdao, Shandong 266590, China)

Abstract: In this paper, the effect of cashew phenol polyoxyethylene ether 9 (BGF-9), an environmentally friendly
biomass surfactant, on the dehydration performance of low-rank coal and its mechanism of action were studied.
BGF-9 was added in the dehydration process of low-rank slime. Compared with direct dehydration, the slime mois-
ture content decreased by 13.57% when the unit adsorption capacity was 4. 934 mg/g. Adsorption studies have
found that the adsorption process of BGF-9 on the low-rank slime surface conforms to the Langmuir adsorption
model and hydrogen bond is the main driving force, and that the adsorption kinetic process conforms to the quasi-
second-order kinetic equation and is subject to the joint action of intracellular diffusion and liquid film diffusion. The
wettability study shows that the adhesion and stability of coal-water system decrease after adsorption, which is ben-
eficial to the dehydration of low-rank coal. Fourier transform infrared (FTIR) and X-ray photoelectron spectroscopy
(XPS) analyses show that by absorbing the inorganic minerals mainly containing oxygen functional groups and part
of gangue quartz on the surface of low-rank coal, BGF-9 improves the hydrophobicity and thus the dehydration per-
formance of low-rank coal.
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I 7K 53 5 77 it JC 5 A AR AT 3 i A g 5 ELAREE 25 /K 8y V(B BAIR A foff o A v 2 B K 28 10 X i &
TEBIR o Ry T B R R T T FRARAE U S K R NS T R T ORI . PN Y R
T 7% P 7] 5 3 20 A AR %) T A BT 3 A 30 A S T O P R i T K A R ) DR R T TR T W R R R . R
BB B AN [) 2 T T 790 X REL SR VI JE /K AR B S, & B 6 e 9 T I A G AT R B K A R A R ROR
1R S B 2TV R J K VAL I 5 RS 80 Cpolyoxyethylene sorbitan fatty acid ester§0.
Span-80) 1E UKLt U8 1A RAF 1R L JE A 0 24 50 Sy B o) B T U R . AR ey AL R R B Y
Z5FNHE 500 g/t B, 7S5 ket = B 3L 7R 1k %% (hexadecyl trimethyl ammonium bromide, CTAB) 0] [&1% 1
WKy 4. 2%, B AR 1 HE AR (W] B T 28 R ) 2 1 P R AN OR [ A 2 1 JE AL R AT T & BRSO R 3R i
A 0 R O R O B K RO Rl . 22 AT R IR B 3R A M R AR R I 20 g/ ¢ B AfDRLIE ok
i N T 4. 1%, Nkolele™ § [ 8 2 1116 M 790 I 26 168 2 1T, & 30 A 0 AU o 8 e o =62 T 0% 1 791 1) W
L R e N | AN B S S B TR L i R = N = By 0 ) [ R A v L= N o N S
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FEE SR 2R A A Tk S — b ey SR 19y 2 7 A B R S R R A R SR . SR SR A By 2K
T I M 7R A B ISR o 5 4 M Tk T DAl 2E ) B A O ELRT R LA IR A IR A RS AR R
TR R A L F Tk 10 (cashew phenol polyoxyethylene ether 10, BGF-10) i) F i Mg, &K B4 25 CHY, H
I S SROH 32 6. 09X 10 ° mol /L, B IR F i 9k J1 24 38. 08 mN/m., John %55 3 b Ho 48 T 3 1 2R AL 2 I
ik | TS M SR 4 s T 4 70 W 1) 2 0 O ik 1 B i B, T B 1 2R A L M Tk LT R R e MR 1y 5 A 0 Tk o fe
PERE S WA MA Y . RSN KIS e LR 5 PR (sodium alkylbenzenesulfonate, LAS) | I i FE 5 A
7 Bk B R 4 (sodium alcohol ether sulphate, AES) %53 1 1 1 77 A1 H ISR B 2R 40 & 0 ik A= 40 o4 fge L e
B 36 AE 95 00 LA b o ARl A A M R T 5 v TR (0 ) R B 5 1 S Y (TR A B I R T e TR L
TR fife YR A S 2 A IO G O A R R A e i 1 2R 4 £ M@ T Calkylphenol ethoxylates, APEO) f 2
R FE . BT A BT AR RN I R R AR £ 0 Tk & BAR RN A IR I R R 20 Tk S T 3 1 R AR 2 0 Tk
(polyoxy ethylene nonyl phenyl ether, TX-10)#f lb A T LML MERE. ERE R THEREBRA L
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RATTE R B 2R M 3R AR M Tk EL AT R ) 2 T A T A 3 R I A 3 o PR E A L S — TR B A R B
AT P SR T I R . o R IR B R A L Tk 9 (BGF-9) 1 Jhy 2% 11 1% 4 57  WF 58 BGF-9 781K B B 2% 17 A9 1% B
R DA B LR ATCBE 08 55 K 38 10 1o FH M e S LB
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Tab. 1 Coal industrial analysis data and element analysis %
Tolk g #r LR
M.q A Vdat FCuar C H N S 0O

7.18 6.93 28.36 57.53 73.52 4.17 0.91 0.73 20.67
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N1 AT LLE R 2 R TR K4 (AL 6.93% )@ TR KA BE K 48 (M) K 7.18% , T
IRFEFE R4y (V) 510 28. 36 %0 B @B % 1 (FCu) N 57.53% o MR % 20 3 e 30 5y » 10 P L A ol 7t e
ik, ¥ GB/T 17607—1998¢ W )2 M543 20040 25 8 FRIGHE-AFEBE . iR 4 (S 0. 73 %0 A4 GB/T
15224.2-94CHE IR BT 18t 43 9 IR AR 53 43 B0 43 26 o Ja TR 40 J4E
1.2 R F

JI A P 300 A LU AR P R Ak TR B A B W AR 7 ) Ak 2 2l 2B i SRR B T R R MR R B R A L0
fik , 25k & 1 s

1.3 KEFHE C.H, O(CH,CH,0).H
1.3.1  JiAKA IR
fic il — &R 51 ¥k i) BGF-9 ¥ 7, B M 8 F2 T

50 mL AN [A] e BE R S AR B UF 1 2,000 0 g ST

.25 C MER R & AR 12 b BEJR R B1 ERMREEZHEI(BCFI)MEHS TR
SHK-TIISEH /KX L HE S ELAE —0.1 MPa F i Fig. 1 Structural molecular formula of cashew
14 M T 5% 4R AL 60 °C 944 phenol polyoxyethylene ether 9 (BGF-9)
b R fE

1.3.2 W [t 56

B 1l — R F AN [ e B2 1 BGE-9 59 FREL 0. 500 0 g BERE A HETE b o 1 5 A 50 mL BGF-9 ¥ i
FHE PR . BRATERIERIRY 12 h 5 BCE g . 86T SP-756 148 40 a] W43 56 6 B 31
WG .

1.3.3  JrMraRiE

1) FI DSA30 78 56 2% 432 fi A W 1 (Kruss DSA30) X 7K J5 19 50 A6 36 47 422 fok £ 43 BT » 92 fioh £ 0 45t 51 B
0~180°, A 15K J7 i &y fl 0. 1~2 000 mN/m,

2) H Nicolet iS50 FT-IR % { HL A5 3 21 4p 3% AL (Fourier transform infrared, FTIR) ., R KBr &
i, 51 10 MPa, R R B 1 min, %0 B AT /5 09 B2 T #E 4T FTIR 4007, D2 P %1 4 000~400 em ' Y41
VD T

3) H ESCAL—AB250Xi & X §t 26 M T fE %1% (X-ray photoelectron spectroscopy, XPS) X JF 4 DL K
J K 5 A 2 T 4T CL O NSt JT 2 5 47 240 1 1 3 1m0 o0 2 41 . H I 3R 8 & 0 TR R B £ 4k AR PR A A
(AIK,) s RBEK/NH 500 pm, 43 B3 BLAS BE 5X10°° Pa, FERRAHGE T AR I 50 eV, /330 1 eV,

2 HABWERRITIE

2.1 Bk e

AR 5 5 7K 1 v I B M I O ot B 1 — AN EE B S AR AR L I A TRV B 1 BGF-9 35 W 5 AR B 45
KA 25 RN 2 R .

AW B 6 v 5 oK AR AL AT DL A BGF-9 Ji5 o AR B B 0L 8 7% 7K 6 1 5 W B 5 100 38 I 5 R B S
FE B BEG B TARE . W R/ B K R TR R B T B O 4. 934 mg/g B, KR B
S I AR BEAIR T 13,57 26, 3X 0] g2 DRy 2 1 978 A 7] 5 A5 AU B 3 T 1) % T 9 A R 43 T R R B S E IR
W T FRAIR O T S0 R AT A R S DT AN B s K e e DR S KRR B, B 3R T
T PBE AR R o RS 1Y) S T IS 1 ) AT I T R e A O T ) TR A R 40 1 S KRR B ) KA
SRR VEAZ SR R BUR e S oK B P . 2 T P N A o B G B AR S 3 T T R AR S MRS I ) R A
IR EIWHLFN VR 22 4% 18 2T T P 0 O 0 T WG oA o AR AT 1 8 AR v e 8 2 T % P ) A 50 i O Tl A5 B A
KT,
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Fig. 2 Water content change diagram of Fig. 3 Isothermal curves of BGF-9 adsorption on the
coal after adsorption surface of low-order coal samples at different temperatures
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BGF-9 7 AR By B 3 1 A W BFF S5 TR 2R an 18] 3 TR . ANIET 3 HBEE & . MRk 25.35 1 45 ‘CHf,
R B 3591 A 17..00,26. 71 F1 37. 12 mg/g. Bl il BE (9 TH &5 BGE-9 f1% - i W B 2% o 48 Ok, el b vl LA
F RS BGF-9 W B ) — A EZ R R . YRR T e B 3RS MR A 1 as 3 iR BGF-9 Hf i 3R 4R
CHEHEETBEAE G IR R TE G .
it T i BGE-9 7RI % T B9 W B ATy, SR A Langmuir 5535 W B 75 #2 1 Freundlich 4 I W% fff
I BT .
Langmuir W fff #5578 i 2 35 X
 Kignc.
=TI R,c.
ey BGE-9 4~ i W E W B2 . ¢/ Ls g O BGE-9 11 i 0 B Bt . mg /g5 g O 5000 J2 460 R0 T
mg/g; K.y Langmuir W50, L/mg., # HR X XESELIL G, 15 8 HAMHIE 00
Ce Ce 1
;:qurKL(e o (2)
Freundlich & i W [ 5 2 0 #3238 2000
g.=Kgpc.''", (3)
Hrp:n 2y Freundlich W B J5 F2 (4 %0 K¢ i Freundlich S5 W B £, 3R A X E B f5 15 8] H L
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1
lnqC:;lnchranFo (4)

Hi# 2 UES BT LA . 25.35,45 C I, Langmuir W J7 FE 405 A9 HH G R B R* ¥ 0.99, K F
Freundlich W B 7 R 48045 19 AH 5C 2 800 BEBAR B BExT BGE-9 iy W B LA AT 45 Langmuir W5 72 o
2.3 WMHRHNZEFHR
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Ao BERUAHEE R =8. 314 J/(mol « KO3 T s 4 X I B2 K5 K S ~F- i % %, i1 Langmuir W B 5 FE 355
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Tab. 2 BGF-9 adsorption isotherm fitting parameters
Langmuir Freundlich
T/C
q./(mg/g) Ki./(L/mg) R? n Kr R?
25 17.51 38.93 0.99 9.57 17.17 0.73
35 26.40 10.31 0.99 5.76 26.09 0.86
45 35.93 88.18 0.99 1.45 41.22 0.79
HI R 3 % 28T LUE L BEE IR E R ®3 RAESY
T+ BGF-9 ZEAR B 45 32 T W B B9 AG 1) 48 X (B & Tab. 3 Thermodynamic parameters
W e, LB TR E R TR T, AG R T/C  AG/(kJ/moD)  AH/(k]/moD  AS/(J/(K + mol)
TUE L DL B S R 2 — > B R W 2 s AH >0, 25 —8.19 31.92 0.13
BGE-9 7EAR B0 2 1 iy W5z Bt 2 W FA o 7 5 AS >0, 35 —8.55 31.92 0.13
W it A B A . AH R 31.92 kJ/mol, §i 15 —10.91 31.92 0.13

T2 R A A 0 SRR Ao e R R A D S A

T3 7K T3 R R T A Ay S R T AR L [ /RS T kA Y B B Y ARl . — R A A ) 1Y
W BE A 4~10 kI /mol, 5K I i W B #2492 5 kJ/mol, U Y W B #5408 2~40 kJ/mol, it iid H AN [ /F

3 B R B A B FT LA BGEF-9 5 AR I 5 2 T 114 5% B 2 22 32 0B A P4 -
2.4 WHMEHHFERR

R T2 AR BGEF-9 7 AR B 8 25 18T A% 0 B AT ok s SR I — G 3l 00 2 7 R RN UE 2 Bl ) 2 5 i XoF i i
AR TG . ME— B I BRI R B A
In(q. —q,)=Inqg. — Kt , (8
W ) TR EERIEAR .
t 1 t
q! KZ (If qe
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1 “ 160 -
0’ L " o 140 |- o
= \\\\ ,/"
b S 120 F s
_1k =™ L] ;
o 100 - rd
7 B o
= gl ‘ 60l o
i 40 b .
e ,4,/
20 -
- P
5L ol L
0 160 260 360 460 560 660 760 860 0 200 400 600 800 1000 1200 1400 1600
f/min f/min
B4 E—FHhhFEFEUESHE Bs5 #ZZhhEFEUEE

Fig. 4 Fitting diagram of quasi-first-order dynamic equation Fig. 5 Fitting diagram of quasi-second-order kinetic equation
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Tab. 4 Adsorption kinetic parameters

We— 3 )y iR W 2 3 ) 1T
q./(mg/g)
qeo/(mg/g) k1 R? qe2/(mg/g) ko R?
9.970 0 5.010 8 0.005 8 0.496 9 10.284 9 0.002 3 0.997 3

1% 4 AT DA Y76 35 °C & HE R ool 2030 ) 27 R KI5 28 4 0. 997 3 W W 746 43 M — 30 )
297,
Iy T HRGE BGE-0 76 (T B 48 22 17 VR B ot 52 1 W 3 A0 55 6 . 4 3 S0 ) 3 50K 750 0 30 B B0 780 5
U5 30 3 2 BT A0 A ORI B OB [ B 2k R
g =Kt +1, (10)
R B SRR P B 2 1A 5
In(l1—F)=—Kit+A,. (1)
LK ORI R B me/ (min® = @) F=q, /q..mg/gs¢ BRI ] mins K, 04 0 % 4
Bomin 1A WEEL AR 6.1 7 R,
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Fig. 6 Fitting diagram of particle diffusion model Fig. 7 Fitting diagram of liquid film diffusion model
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b RS DIy B 2 5 TROAEL A [0 AR 5 1 20 5 T
E- RN VAR AR/ B Boi vk 1] (i R i g )
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Dupre J7 2 i) — B & R E XN -

Ya=Ye T re—Wao (12) B8 B ET S A R
Yong 7}7%%[23] E/ﬂ—[gj/l\éi‘@%%ijjﬁﬁ : Fig. 8 Coal sample contact angle before and after adsorption
Y =7Ya T 7icosl o (13)

e 1 I ST 30 T A5 B R B 2 1) — B R Ml R 3k

Wa=7, 4 cosh) . (14

MRS ATRLE L ZEE N 0. 4 g/L BGF-9
o FLEERR IO 122. 34 [ % 105. 64 mJ/m?*, ®5 WMETERHERES RS
VLB I A E I TR 2 )5 - -7k AR & 1 35 Tab. 5 Contact angle and adhesion work of low-rank
THHE T W . 22 T 1% M 30 B A T4 B 8 15 7K coal before and after adsorption
BT 0 RE R KR R AR S PR AR P dh 8/ W/(mJ/m*)
AT 5 s AR B A K RIOCR B 4 47.12 122.34
2.6 FTIR &#f & 4/ BGF-9 63.19 105.64

AR I B 8 B i ) ) FTIR &35 an &1 9 Jir
JNo. TE 3 400~3 600 cm 'LbAY 3 AN WL i i
Y 0 1 6 5 C— OHD) (0 0 46 4 30 B W ()BTRS BEE-5 /
BERTIS 2 345. 90 cm ! BT 4 W8 WG 06— it -y /\,_.,/—ff""“ff”*’"‘m“v»k s
2 3% (—COOH) J8 3 J i 45 1 610 ~ 'V P
1640 cm ' AP R (— C—=O) 5
B (OB i A s e ik R (—C=0) () o
9 45 Pk Bh T R 1 504,79, 1 454. 95,
1 434. 66 cm "4k Hy B A W SO0 E D5 A R Bk
HOC = C)H), W B B (—CH,—), H %
(—CH) 454 3 OF & B 3R 3D B 1.

Xof LU JEE IR 5 08 B RS A 1Y 20 A1 3 L i | | | | | | |
B e BEREZE 1 010. 09 em ' 4b Y 2 % L Bk 11 4000 3500 3000 2500 2000 1500 1000 500
A B (C—O) JIx 3l i 0 5 J32 8 K, 156 W) HiHi/om”

BGF-9 W fh 7 7K B 1 2R 1
2.7 XPS St

XPS 2 58 1% By B 2 T oo = 4 i A
T By AT LK T B R S SR T T Z AR B L . XPS FE R A0 A I 0 0 B TS S5 SR A& 10 BF R . NoL.
Siy, «Co A O R 100 0 BRI T & & it 25 R IR 6.,

XPS L5 R R Lt W B R 1 C ST R MY BE IR 0 BN 72. 01 084 in %) 73. 09 %, O JC & 1 B IR 43
BN 23. 33 %325 22. 88% , Si TCE W EE IR A BN 3. 24 % 3l B 2.72% . A F I IE MR E, — 4
BGF-9 B 35 T A B 05 1% 2 T o (58 753 W 5F J 08 U0 174 = v il i 1k & A 78 Ak, 35X AT B2 BGF-9 B 38 T KB 2 i
(125 SCE BB DL GHR Ay A 0 o M T 9 B T B K A R R s K R

XPS ZEH s rai R an el 11 #1387 fpros, al LUE L fE A BGF-9 J5 KB f v C—C/C—H & &M
76.26% FRER 72.12% . C=0 &M 6. 14 % FREE] 2. 90% . 0=C—0 S M 4. 77% FRF] 3. 91% . i3 8]
BGF-9 ot 48 7KK B2 10 & A H BT 19 & . B BGF-9 v & 45 ¢ £ 1) W s R gk ik Jm A BGF-9 J5 »
C—OtE R L, WHE RHERI AT C=0 M O=C—0 gk BGF-9 fr# 35 . Wi -5 S Hr 4
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Fig. 9 FTIR mapping of coal samples before and after adsorption
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Fig. 10 XPS wide scan mapping before and after adsorption
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Tab. 6 XPS wide scan analysis of coal samples before and after adsorption

- WS i W5 B I
TR 4R : :
i fRe/ eV JEE RS/ %o giahe/eV FEIR S8 %
Ni. 400.05 1.42 400.18 1.31
Sis, 103.34 3.24 103.19 2.72
Cie 284.80 72.01 284.80 73.09
O, 532.48 23.33 532.54 22.88
—— C-C/C-H 20000 - ——C-C/C-H
20 000
il il
Lt it
10000
& 10000 '
z z
0 0
L L L L L L | L L
280 282 284 286 288 290 292 294 280 285 290
A ReleV HEEeeV
(a) W% Bt i (b) B S5

11 RMAT/E 6 XPS EHEE

Fig. 11  XPS narrow scan before and after adsorption

x7 WMETE® XPS EHSH

Tab. 7 XPS narrow scan analysis before and after adsorption

HH%
B i
C—C/C—H c—0 c=0 0=C—-0
J 76.26 12.83 6.14 4.77

JEUHE /BGF-9 72.13 21.06 2.90 3.91
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1) i A< 4R P DR A0 85 L 0 IR I B 1 JE 08 B K 03 e WD L A BGE-9 J5 , B K B TG EJh BT RE .
B I BfE Al 4. 934 mg/g B TR B K AR

2) WL RR Ry 22 o A W BGE-9 LR AR [ BE 2 1T A9 IR B AT 45 Langmuir WRRJ7 2 . & T A % 2R 1 ) PR
B o IR A T A S T . R T s s 2 R BGE-9 L AR B 0 2 T A W B . IR BR324l R T L
9 Iy 7E 7 FERE S AF A 3R BGEF-9 TEAR B4 25 17 19 W52 BREAT Ay o JHC R A 3 23 20 B 2 S JURE A 47 80 Y B
P [ AR FE Y
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