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Study on Deashed Coal-Water Slurry Prepared with Water-Soluble Polymer

Kimitoshi FUKUNAGA, Shigeyuki N AKAI, Morihiko SAwADA and Makoto KIMURA

Abstract

The preparations of stable and nonviscous deashed coal-water slurry (CWS) with water-soluble polymer
and surface active agent have been studied. The effects of species of polymer and surface active agent,
polymer concentration, and deashed coal concentration on the settling stability and fluidity of CWS were
experimentally determined. It was found that the most desirable polymer for producing both settling stability
and fluidity of CWS was the equivalent Xanthangum-Locust bean gum mixture (X-LB (1:1) mixture) , which
forms aqueous solutions exhibiting significant yield value at low concentrations. By addition of the correct
ammount of X-LB (1:1) mixture and using suitable surface active agent, a practical static stability can be
developed in most CWSs, but normally with some sacrifice in fluidities depending on coal concentration.
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Fig.1 Particle size distribution of “deashed coal A, B, C”
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Fig.3 Flow curve of xanthangum (KELZAN D)- locust bean gum
(MEYPRODYN) mixture (1:1) (20°C)
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Fig.4 Sedimentation of coal A in CWS
Tablel Yield values (mpa) of various aqueous
polymer solutions
- — KELZAN M 120 289 1060 1600 3600
Polymer Temp.(1¢) T OWMmer conc. Wt vobe: | 30 13784 2120 3030
0.1 033 05 1.0 o 120 144 780 2600 3720
| 20 16 9 3 KELZAN S 130 172 729 220 3720
Sodium alginate \ o9 ael ol
1 30 0 1 4 B CELFLO |20 144 1060 2030 8650
Locust bean gum -~ |30 100 992 1230 11000
EMCO GUM FLERU M7 30 00 1 16 Sodium polyacrylate 30 441 1520 4230 7740
MEYPRODYN 30 27 3.5 9.2 -
Guar gum
EMCO GUN CSC 30 425 49 90 UAR-CMHP, 7L ¥ VB ) v ah&ghd, ¥
Guar gum derivatives 4 UL ERMNO £ % L0 bikrsE s h, hEEE
MEYPRO-GAT 30 1 4 9 2 e DB 5o Tnd, ZOIATIBTHHDL
GUAR GUM ID-059 30 29 16 90 BEVT 7 UNLEEF YT AEERY I FL A I YN
JAGUAR-HP-11 30 412 42 169 Hot.
20 % 42 100 - Wiz, R DEES CWS #5255 4 7ILCET
JAGUAR-CMHP | o VRS CWS 25
| 30 3449 100 - %0.5wt/vol %D ABHEAFEHVT, SEIRX
Gum traganth 30 345 72 132 BB ®OCWS 2BUKIK A DBE & & o7 < ERRICEH
Carboxymethyl celtulose 30 0 0 4 49 8L, wELIERED SN HRERANTE S
Xanthan gum %, KELZAN 12 H, KELZAN D8 H, KELZAN F
KELZAN 20 225 812 3600 7230 10 H, KELFLO 12 H, KELZAN M 13 H, JAGUAR
[ 30 196 1290 3030 11700 “CMHP 9H, 7L¥>8F bV val08E, CBIK
20 144 780 2600 3720 ; TP H— DR RSB ST
KELZAN D J 7 ®A DEE L IZFR—OBERNELS L,
1 30 172 729 2240 3720
) 120 169 784 194013200
KELZAN F
| 30 160 625 1680 12100

Vol. 36 No. 2 (1986)



KEMBSFERRAOLBRKEK— AR S Y — o8 2 e (231) 45

4.3 0.5wt/vol BRFKBETHAUL -CWS D
TENE
Yo A LRENT 7 H 5 (JAGUAR-CMHP),
TNFE TS YT LD0.5wt/vol BB AT,
D DEEROR G CWS (s 15BRL ESESIE
HRED W CWS BERICHBLTLE5 F TIciy
17HE28L, TOMIZBOLRABOERLIEETH
D, RERNIC1 7AREILELSA3) »Eons
ZERDOLBSTDT, INSOKEMEDTF L

Table2 Apparent viscosity of CWS prepared
with 0.3wt/vol% sodium alginate and vari-
ous surfactants measured by B-type
rheometer at 22°C

Surfactant® Concof  pH of Apparent viscosity (mpa.s)®

-1
Gty CWS shear rate(s™!)

1.29 2.58 6.45 12.9
7.1 19700 12650 7540 5600
(13000} (9400) (6720
7.4 37900 23250 14200 -
(33700(22500) (14000)
PLURONIC F108  55.4 7.3 7200 5000 3060 2150
(50000 (3700) (2640)
KOAL 500A 52.9 7.2 5200 3500 2100 1460
(3500) (2600) (1760)
SANMOLIN OT-70 5.3 7.5 imeasurably large

Sodium lignin 4.6
sulfonate
NONYPOL 400 45.3

Table3 Apparent viscosity of CWS prepared
with 0.5wt/vol% xanthan gum (KELZAN)
and various surfactants measured by B-
type rheometer at 22°C

Surfactant®  Conc.of pH of Apparent viscosity (mpa.s)®
vy CWS shear rate(s™')

1.29 2.58 6.45 12.9

1 7.4 33800 21250 10880 6830
{26600 (17300) (9960

7.4 23000 14200 7800 4920
(20600) (13150) (7460)

7.4 15500 9800 5340 3380
{14300) (9100) (5120)

7.4 14200 8600 4600 2920
(12000) (8000) (4420)

7.5 35500 19600 10560 8450
(28800)(17750)(10240)

9%

Sodium lignin 5
sulfonate

NONYPOL 400 50.9
PLURONIC F108 50.8

KOAL 500A 50.0

SANMOLIN OT-70  51.3
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Table4 Theoretical yield value for permanent
suspension vs. particle diameter of deashed
coal A or B

Diameter

Vield ™ 111.3219.46 100 200 300 400 500

mpa:
Fleq.1)
F'(eq.2)

15.5 26.7 137 274 412 549 686
31.1 53.4 274 549 823 1098 1372
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<100mpa) &, K=XBREEZEL 225 CWS LE
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Fig.5 Typical dependencies of t/(h,-h) on t for
CWSs prepared with 0.5 wt/vol% aqueous
polymer solutions

5.2 CWS OiLBaRE

Smellie ¥ LaMer'Mi @ £#12 X 2 HENSBE
A5 Y —DwkEc L TRRERHL, QX0 Tay
FASTEOME & % b DEARIC 2 B L BIBIR 2 SRR T
B DENKEWVIEEBEFRIOPRNIARE L BT
5,

t/(h,—h) =a+ gt (3



RIEWR T TR RO RBUIKR — KR 7 ) — o8 3 5% (233) 47

I hBUBEOYIEE &, h 3E t RO
BES, a b fI3RRICEEGE L ERTH 2,

% 2T, FHED0.5wt/vol % 53T K (T InE
EMEAIE PEONOP) 2w THSIL 72BK KA D
CWS Dtk S t/ (hy-h)vs. t O 7w v b 21774
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Ly, CWS OREE % TIF 23 98U v 2 4Tk
BROBE Y TFnid ks, L L Tablel no b b
BB EDIESFRBIROBRMEOKN & 8137 DB
WHAEIL TW20T, BEOEKT L L b CEELDR
WA T 5, 728 2130 1wt/vol %3 KELZAN ¥ KOAL
500A THBL /- CWS (HR#AES0.6%, PH7.4) O
4°CIT BT DR 0 HEL. 29, 2.58, 6.45, 12.90
sTHIR L T# A HL,500 (1,200), 1,150 (1,000),
800 (740), 600mpa-s (FEIMAOE I EFRE % T2
w7z 2 DOREM) CARKETH - 7008, BLEN
BEEMOBE LI AYTHAUTH -, 7, T
FrBF MY 7 4130.35wt/vol % TEE S FIT 5
(G REEIES1.2%) T CRILBLERE bR n D
Eibino T,

Rees'?~E Lk fF Kovacs'?iZHF > H o H Ak o—
HAPE—Y AL BRE T%tﬁﬁ&f%bwﬁﬁ
BImBEI 2 2L 2®WELL (ZORAYS X-LBE
BY LML T 3). X-LBEAYD ¥ LIZAEEREIC O
T Fig. 6 WCRTEIW, U—ARAPE—2H LD
Mg & ERGY (RO BEED 1 WLERSY) T 28y

Fig.6 Cross-linking of helical polysaccharide (A)
(xanthan gum) by binding of smooth regions
of galactomannan (B) (locust bean gum).
The parts of galactomannan which carry
grouped galactose substituents and which
termed hairy regions (C) form flexible con-
nections between helices

Table5 Yield value of Xanthangum-Locust bean
gum mixture (1:1)

Total conc. Yield value imap;
of gumiwt 'vol%} ——

Xanthan gum  Locust bean gum
20T 30C 50C

0.1 2403 1638 185
0.2 2856 2403 449
KELZAN D MEYPRODYN 0.3 3610 3803 593
0.4 5664 5664 843
0.5 8056 8352 1716
0.1 2890 1626 63
0.2 4410 2341 107
KELZAN K9C 57 MEYPRODYN 0.3 5406 2756 348
0.4 6250 4623 490
0.5 10563 6656 828
[0.1 BT - =
0.2 2657 -~ -
KELZAN KSC37MEYPRODYN® 0.3 3063 -  —
0.4 5163 - -
0.5 6554~ —

YLD EBORALRERTHILICLB3EBEER
THEEDFKBIC L LD L Xh, BAYHTHLZ LS
bhTwd, 22T, $¥¥ >4 #4ELTKEL
ZAND & KELZAN K9C57 %, u—H A bE—>#
4 & LT MEYPRODYN £y, 0.1~0.5wt/vol %

(MBE) O X-LB EREASKBHD20~50°CIz 17
B IR 24,12 [E8C E RS CRIE L, B
fEERKD:, ZOFHE % Table 51273, ¥ 0 FHE
191.587", 30°CTOKEREMEE A D EHF Yo H A

WA T ERT ek &
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(KELZAN D, KELZAN K9C57) #Tiz, 0.1lwt/
vol % C#117#h8.0, 8.8mpa-+s, 0.3wt/vol %T%
L ZF420.5, 22.3mpa-s, 0.5wt/vol % TE AL ZF A
26.2, 35.3mpas THH, —Ha—HAbE—=H L

(MEYPRODYN) B4 Ci30.1wt/vol % T2.7mpa-
s, 0.3wt/vol % T3.53mpa *s, 0.5wt/vol % T9.21
mpass TH 1, EEHEO X-LB (1 : 1) BEKER
DOF NI FNFNIS.1, 51.9, 97.5mpass & ¥
ALABEBED GBEREL L >THE I ENDb®”S,
5°CT i3 X-LBIRAKBHOME L £ L £ 0.1,
0.3, 0.5wt/vol %710.1, 30.1, 38.9mpa-s &, i
5 OB OMEOFRNTIZIZF L BRI LTS
D, BEEZRTTEEORBNBAENTHDE LR
T Twa, - FREEHES (2 2Tl KOAL 500A)
DFIET 2 EED T RBRORE PR L, R
LT Table 6 DX 52 ZDORERES PP/NE R
STWwd, 2OL527 =%k X-LBREYY
CHLEME D EBETKE ZBRIEERDL, 72
BRIIAD LS SICHENMET T2 MEEEHE L, CWS
OIEHEIE L TOBHEEHA TS Z L& RRL TY
%,

54 X-LBR&B&HA#AVWTHEAMLIZCWSNER
L REY

7227, X-LBE#ESY - KOAL500A #H\»T

FELL 72 CWS (1 RIBEHKIS0Wt %) DILEEIRTL %

Subsidence distance [mm]

60 1 | |
0 5 10 15 20

Time [day]

Fig.7 Subsidence distance of CWS prepared with
X (KELZAN D)-LB (MEYPRODYN) mix-
ture (1:1) vs. time
1:0.1wt/vol% 2: 0.2wt/vol%
3:0.3wt/vol% 4:0.4wt/vol%, 0.5wt/vol%

Fig. 72, BB % Fig. 8WRd. Tho DR,
5 IRBEYS0Wt % Tid X-LBEEAEYWD0.2~0.5
wt/vol B KEW THE L 7- CWS 3B b ZEM
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Table6 Moony’s parameter (K) and Roscoe’s
parameter (K) of CWS prepared with X-
LB (KELZAN D-MEYPRODYN) (1:1)

mixture
Conc.of Cw
gum (/) pm 5 10 20 30 40 50 60
twt.vol%) 0

n 395 365 277 250 228 212 200
50.83 ns 53 32 25 15 13 12 12
tcaol BY  k 0.720.940.93 1.1 1.1 1.1 1.1
K 1.11.2121313131.3
n 283021001670 1540 1370 1280 1250
63.8 ns 53 32 25 15 13 12 12
fcoal )k 0.940.970.97 1.0 1.0 1.0 1.0
K 1.2131313131313
n 930 638 573 460 440 406 380
50.45 ns 185 140 69 53 40 37 27
{coal B)  k 0.430.330.800.940.940.94 1.1
K 0.940.901.1 1.1 1.2 1.2 1.3
n 9500 4700 2750
58.5 ns 185 69
fcoal Bb  k 1.070.9981.03
K 1.361.291.32
n 65305630
64.3 ns 185 140
{coal ) k 0.850.88
K 1.2 1.2
n 1400 1080 815 680 600 550 520
50.96  ns 283 111 74 54 42 35 30
tcoal BY  k 0.040.860.920.98 1.0 1.1 1.1
K 09312 1212131313
n 100008530
64.4 ns 283 111
{coal C}  k 0.850.97
K 1213
n 1720 1414 1030 870 779 715 650
50.96  ns 395 241 145 115 102 82 70
(coal B}k 0.260.550.690.730.730.810.84

K 0.870.991.1 1.1 1.1 1.1 1.2

0.1

LEIFTH L Z Edibhol, k¥, X-LBREW%:
Hu7: CWS OFBIZ £ ¢V > ¥ > H L KBBRCERK
¥MERE S, REEEREZHRML TEShE g8
72DBIW, O—AR = LAOKRBEEZEMT S
k3L, BUI» S X-LBEAKREZFABL (B &,
ARBERBTHRNT 2 &, T TRERL TV S5EE
EIRTEAEE DR D h AT R KR P — BT 5 Db
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Fig.8 Apparent viscosity of CWS prepared with
X-LB mixtures (shear rate (s7!)=3.830N)
1:0.1wt/vol%, coal 50.83%, pH6.66
2:0.2wt/vol%, coal 50.45%, pH6.59
3:0.3wt/vol%, coal 50.96%, pH6.46
4:0.5wt/vol%, coal 53.86%, pH6.18

N2 E27:06THD, BEZITH- 12,
BkbHD L, ZOX-LBEBESW CHRL /-
CWSIZRERT Uy AMAashd, %Y bor—
U ebhrote, TOI EIZERKFHSX-
LBEB=ZXRTHEEDORIZS £ L DAZERTHLT,
KFRE* SRS THVBEORTHEEL TWE0E
FREEIND, &7z, BRIET55mpa D0. 1wt/vol %D X
-LB (KELZAN D — MRYPRODYN) Z&E&% T
AL 7o CWS TIRARDOUEHHILETE ThanE
% (Table 5 8 £ U Fig. 7 #8) » 5, KABEICH
BB REOHERME L L Tk Meyer & O Fro0
DHPHEETH2 EEbn 3,

5.5 CWS OERE L

X-LBHHEEWIC L 0 EEM 250wt % CWS 8
BonizoT, BEEBED CWS OHM K47, 18
ST IK R A DF IR BESS. 5~66wt %D CWS It
W~4E R FEEMIIBEF TH %2 Fig. 9
R LW AP URER D KE W, RIZEMES
FLaVBIKRCDOCWS (b K ¥ #64%) %
0.1~0.3wt/vol %D X-LB IB&/KBE CHLBIL 7-.
0.1wt/vol B THBL 72 CWS 3w < Dk L 7o
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Fig.9 Apparent viscosity of CWS prepared with
X-LB (1:1) mixturs
1:0.1wt/vol% KELZAN - MEYPRODYN,
coal 64.3%
2:0.2wt/vol% KELZAN K9C 57-MEY-
PRODYN, coal 59.9%
3:0.2wt/vol% KELZAN D-MEYPRODYN,
coal 58.5%
4:0.2wt/vol% KELTROL-MEYPRODYN,
coal 66.3%

HEMDRN0.20.3wt/vol % THEIL 72 CWS 12
Fig. 102 Z OREHMR R T & 5 CFEL < BEEss
FEno e,

—fRIZ, RO CWS o35 BN % 7= 3 8 1360wt
BIHENRA L wbh, RE%Mb 36 R BE 60wt
% a2 D EHADIKEIRBICEKRT 29, 70%%
BR5LO BB FRTARIIHEBRR FORTAL
BREMER T30 3 & 3 2 R TAMBE BB HMED
FHICE > THERT 2L TR U THgE 2D, #
i xt L Alfred o 38 % Rosin-Rammler DR.D L 5
EHRASRH SN TWwA, 72k 21E, Funk &3
Alfred DA E RO TREM2R/E T2 22wk,
BEAINTTOWE BRI, 72 o ™3 PR R 0y
1 gm E87100um ORI FARET 2 L &
W, BRLF O R DFEEHI20%I2 T HILFEERH1289.6
KDOBWEIWZDBLIEER[LTVSE, ZORFRT
ARDWENNE LRI CWS OMELXEDH 2 Z Lk
5, BEEFONEBRICHO L RRRORZENAIE A RiT

IR F TH ERA S s o



50 (236) &k
— T T T T T 1
10000 |- .
9000 | 3 —
"o
= 8000 |- _
[«
E
5 7000 1 _
8 6000 \2 -
> 5000 |- ]
=)
o
£ 4000 |- _
a
-3
3000 _
2000 1 -
1000 |- _
ol 14 1)
020" 30 40 50 60 70
N [r.p.m]

Fig. 10 Apparent viscosity of CWS prepared with
coal C and KELZAN D-MEYPRODYN (1:
1) mixture
1:0.1wt/vol%, coal 63.8%
2:0.2wt/vol%, coal 64.3%
3:0.3wt/vol%, coal 64.4%

#18, 20, 40umict—27 % DEIEME, BIRIZRS,

25um IC Y — 7 %&b D i, CRIGHEL S BB £
TIEY i‘t’v’%azﬁﬁbm%%ﬂé‘r&@ﬁﬁff) 0, »y
NHEASHIGEOERE AT, e CRIZERE
fbicg -l BEELDHEHLTED, AIEOE
K55, %ﬁii:**fé%:ﬁ SIS L ETRIE SR
OEEL*IT 213, HBECWS Ob 5 REEDER
HALDOTEEH L REN TR EEZ SND.

5.6 CWS D¥AE & DEURAE & DGR

S ERIRRE B (0 B SRR O MG RE () & M EUR
KRS ELrOBEE2ED L1 Moony DRPE L U
Roscoe DR & #5200 & 5 12 BEHA RS KO R
DiwERB N X—t> b Cw 2HOTEAT S &, ThT
), GRD L s,

nr=n/ns=exp [Z 5(Cw/100) 4)
” 1Rcwqm
nr=n/ns=[1- K{(Cw/100)]) 2 -

2Ty BB, 73 SHHUEASE, Cw 3R
B, K BLUVKRIERTH 5.
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INFF o RRRAT  RESFE - AR T

IR E I o 3K 8 72 Mooney XD EH R &, Ros
coe XDEH K OfEi & Table 6 12773, Table6 22,
BIEELDO BN D v T — Y 5 Th D03, KA
Lo, £ SEEREC LS T, T EEOHER
K& OEIPHIC B LT K EFL LT, KERL 3T
TESBL TV, @O Cw=56~63%D 3
— S — RO CWS Ioxf LT k=1.25, K=1.5014
AL T D, AT TOME £ KT, CWS @
%Wuomf@m@010iM%%WﬂW&fDEE)
HRERR LK ER (BT JZEF‘F A X 0"
g‘(uu@/}ﬁﬁfﬁ*i)\ A LA EIHTH B H, HIR S
COM ¢, @Hoida—n L =K CWS T, EHIC
ﬁfoﬁgfuﬁ%ﬁ%étuaﬁab%@~ﬁWQ
B LT o, BEOEREETIECWSIET D EE
MLLEA X A T S 1B 2 e, SFEEHA
O EEME M, & E O 7 Roscoe £ 7213
Moony DR M & FBED CWSKENFHTE 2
A NEAT

57 X-LBEEBEAWKBENSBRLI-BEE
CWS OFADTTREM
7 A 1) # @ Pittsburgh Energy Technology Center
198 14E LR, 63% D CWS £700Hp DAKER A1 7 —
THREEL TV ESEOILTVLEDT, 60%E DEBE
O CWS % 5 X-LBIRAYIC & 5 CWS O il & {F
R CRET T UEREN b BN b RiF 2 CWS 318
S EREMIRTTICH D
b9 --DDFHEE LTiE, BECOMIZ70°CTHF
BemEAsNTEY, FOEBENZOE F CWS ITHM
x3:35L X-LBEAKRTHRL ZCWSIZH
RTREZOT, BWRIFERTT 2V, EHATC70°C
CINEAL THEMEO W E LS Fikb S, 122,
HEE = RTCHEE O Bl o, 50°C, 30 HE191.5
T30 2wt /vol % X-LB B & KIETE DK L Bk
AREEORIZIZIZHE L <13.2mpa+*s TH D, Ros
coe XTK=1.3£ LT Cw=60.0, 65.0, 70.00 CWS
YL & TR A & 2 HLFNS581, 1356, 5432mpacs &
70, 65%EETHLHRIFRREMAET 5 I LIS
%5, E70T0%BETHEBOERBATEIL > F
DEENKECERICRLTHALI NS, boLi®
Lo < kb alREMEnidH 5, L Lad s, CWS O
BEDRFFE D S 1E 7 T 4 7 v ¥ 2 PORRBEK RIBE T
CWS HEDEVIZEERT T2 L 5hh®, CWS K
BROBEUSIERINTE Y, KEMEEROBRE
TCWS DLEEMLHB S 2 L IZBEREEO LB TalEE
THoIEnbhroth, X-LBEREAVUFOEKRE
TREEBRIEEE T L2WHE, H5013 CWS DLE
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LARKENB S FRFERE LI L 2 A BEORRSEEC
BRES#N7:, 200 T X-LBEREAYIIE L (EE
BTRELRBRELET 2 KERE D2 2L nbh
272, 0.2~0.4wt/vol % X-LBIR S THA L 7
CWS i3 R BESOWt %It & TIABHEE CRE &2
CWS 25 2 225, 60~70wt BOEKIBEIC 2 L&
L<EkitEicax s, L, 0.2wt/vol % X-LB RS
KIEWECTHBL 72 CWS 13 2 O S BSR40 8
BREMD S, 50°CTid Roscoe R L 2 HEEM S H
IRIRE60, 65, 70% T % #4581, 1356, 5432mpa-
s OFGE (7D HEL191.557) L% D7 b DFREMED
WEIHAFTE 5,

FFRTHEAL 4 LEO% 13 S0 A N ER
KROBEHFEIC S > TRIEL TIE 2 b 0T, 22 wE
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