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KEBTREM LA

THE EXPERIMENTAL STUDIES ON COAL-
WATER SLURRY BY ADDING PAPER-
MAKING /MODIFIED BLACK LIQUOR

ABSTRACT

Black liquor is viscous and stiff waste component, which is generated by
concentrating waste liquor which is produced in the process of pulp and paper
industry. Black liquor has been bringing about a lot of serious harm on
environmental pollution of china, because it is not easily resolved and degraded,
and it can send out foul-smelling gas. It is urgent to solve paper-making black
liquor in a comprehensive way, because experimental pollution has been
seriously harmed. Lignin, humus acid and hemicellulose of the black liquor have
the function of surface—active agent, so we can directly use the black liquor
instead of water and additive to preparing coal slurry. Coal slime is viscous and
stiff waste component whicn contain superfine powdered coal, gangue
pulverization, dirt and water, which is the byproduct in the process of coal. The
output of coal slime will be increased quickly along with the rapid developmet
of coal industry and mechanization. So coal slime accumulate on the ground,
and is easily weathered by wind and water, which could cause serious black
sandstorm. And it does also a lot of harm to the ground and air seriously. So we
can directly use the black liquor instead of water and additive to prepare coal

slurry with coal slime and coal. Thus the discharge of paper-making black



KIRE T ARG RAEF AR

liquor and coal slime is improved effectively, which could phase down
environmental pollution and cut down the cost of production for preparing coal
slurry. Therefore we could achieve the goal of making use of black liquor and
coal slime, and will benefit our economy as well as our community.

This paper mainly study the slurry of preparing coal-water mixture by
using blackliquor, coal slime and coal, and aims to study the function of surface
active agent in black liquor, which all treat and utilize black liquor effectively.
We should increase production and economiz¢ as much as possible, and reduce
emission of carbon and environmental pollution. First, the black liquor which
was made into different dilution times and coal slime were made into the coal
black liqour slurry with excellent performance, and then maximum slurry
concentration, rheology, static stability, calorific value, and changing the pH of
black liquor on the properties of black liquor coal slurry were investigated. Then
the properties of black liquor coal slurry by black liquor and coal. Finally, the
black liquor was modified by sulfonation, then modified black liquor and coal
slime and coal were made into coal slurry, and compare the coal slurry of
unmodified and modified black liquor. It has been shown by c that the function
of surface active agent in black liquor is very good on preparing coal-water
mixture, which can act active function well. And modified black liquor of coal
slurry 1s better than unmodified on surface active agent. '

The main conclutions are summarized as follows:

1.Study of preparing slurry by using black liquor and coal slime

VI
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Black liquor, which come from Shang Xi Hong Chang Agricultural Trade
Limited Company (1# black liquor) and Shang Xi He Sheng Indusfry and
Commerce Limited Company (2 # black liquor), and coal slime was made into
coal-water slurry, which is investigated. When the add content of 1# black
liquid is 7.2% and the particle size of powdered coal is less than 160 item, the
concentration of coal water mixture prepared is 67.44%, liquidity will be A
grade and the stability will retain almost 20 day in good condition. When the
addition of 2# black liquor is 12.5%, the concentration of coal water mixture
prepared is 67 %, liquidity will be A grade and stability will retain more than a
week. The experiments showed that the effect of pH on 2kinds black liquor
slurry is small, by investigating black liquor slurry on changing pH. However,
on the whole, 1 # black liquor slurry is better than 2# black liquor slurry.

2. Study of preparing slurry by using black liquor and coal

1# black liquor, and Shan Xi local coal (Lin Fen, Li Shi, Jin Yang, Tai
Yuan) was made into coal water slurry, whose slurry was investigated. Afer
comparative experiments, it is indicated that the slurry of black liquor and coal
is very good and dispersant of black liquor is proved well. When the addition of
black liquor is 12 %, the concentration of coal water mixture prepared with coal
is 64%, whose slurry is best and tability will retain more than 10 days. The
experiments also showed that the effect of pH on black liquor slurry with coal is
not big.

3+ Modified black liquor by sulfonation and its black liquor slurry

VII
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1 #black liquor was modified by sulfonation. The effect of sulfonated
temperature and sulfonated time on coal slurry is investigated. It is shown by
experimental investigation that when the ranfe of sulfonated temperature is
75~100"C and reaction time is 30~40min, the apparent viscosity of modified
black liquor slurry is not relatively big, whose liquidity retain excellent.
Compared to unmodified black liquor, modified black liquor slurry is relatively

better on liquitity, and its stability has been increased 3~5 days.

KEY WORDS: paper-making black liquor, coal shime, lignin, coal-water slurry,

sulfonated and modify.
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Fig. 1 - 4 The photographs of black liquor for paper making
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WY & &R SRR BHERBRERKREGE — 2R (45%~60%), HiK
BRI B R LA PRER, EEE T TNDRBAERE, 2R ALK
WG (L EFRA A NaCOy) JIANF KA NaOH J5, FEMEIREK AT 2,
PUEF BRI R F A B, B2, BAMEERBRIRIES, MEX, &R
2 R R AW E A LA BRI E K, SNBENRSG MR EBITIER™ ERZwW. L,
WENO TSP BREENRTRERESHR, RERETHENESE, Bash. &
B, FHETEARIRFRT. A, ErEkms a2 E AR LA, &

Wk %

R
FR —— RER ———| AR HALE
A
A
K >| PR Ve
Y <« ZRH B SRCEl e

B 1-5 iy
Fig. 1 - 5 Traditional alkali recovery process
(Z) BAKELRERRAR  XFEARREASREREAGER EREREk
f, VBT R AR SRERBRS, B ERT ERDREROE R E R
CaCOs 53 CaO F1 CO,, ik CaO FHEFIRARIF T E T, ZHFATLMEAFA, B
BRMERT AR KSR, RE TRAERFRE.
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PSS e A ('

() BEBEWEA TFE, BAARETHEREREAR. BHEARERE
EARBHE T ZRORGRE Y, FTREV REHT RN, £RESHEN%ER
W, SRIEH— DKM SRR AR B R KA R NaOH wiLFa] LUAE] 90%
LLE, JF BARBRERE BT U — SRR . R SESHREIARL, 7
BRTHUSORLE T, T I2HE, REME, BHRK, BRRER,

(2) FERbEE:

FEA B EARME R —FPHXI, IREEFEM T/ B TiRlE, O BRI E
HRHE TERIS, RE/E H—IUHraEBRK A%, 20 #HE 60 FAAKES
— R R KT AR BB A TSR BK AL b, il (UF). k21 (RO)
M (ED) B8R, EERKTWEKMEELE, NMAFIETHREREY, M
KKRR T feRe, RRGERWT KEFRNER. BT, BRREBEERBEEAN TN
HB R, —SrxEFKmER. 14, BA. S, ERRGERM VA% THE
MEBEERBEML], FRCBEREK. BRREBCH AR SRR,
DDA T BEENEFRE.

BEFEABE R DA EAT B CE TR AR A, MERE BERR
FrX A gtk BIMORGEE 2B BA R G pH b 12~13 MER SR BHhm
Beb, FRIBHTIRAIZE ) NaOH b 8.87g/L, BRIEMCERTIIA 95% . 2 MAEHT 5B 2 A
ROVEL S KB, L COD LA HE W BLIAR] 90% U £, #E/KEiX 200L/(m” « d);
MEEER 0.24g/L BB, COD L£HFEX 96.1%, BKEIX 400~600/ (m’ - d).

JRAL B AR DMK R R (D) NHERD, ERFAK, R&8%4:
BITRERE, HBE: 3) BAEE, IRARD: (4) BEREDE; 5) 7
DHERE TBRIEIZIT, AT, REFME, B%&: (6) COD. BOD. SS MfEHZ%:
BRE HHE R

(3) Bk

RBHEERAARER. BER. BEE. RBARZXSFR—ELAA=4T
BEHNTERSS FILEY), BETZFNREEARSH, SHEREE. FAENH
BEEE, HEXTH R-OH R, BRPMARRSRY FEXZRLR P, BTHER
RfE BRI, KERERDTELRBARAEK, UARENENEA LB TE
W ERKE R, SR AR BB & AR REURR N, BEE TR T KRS
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NES L By e TR R T e VA7

BT, HRARRAEREA, EFRERIE T RKOAE, ST ER 5T
KOS, MR R pH<3 B, ABRMTHRTET 0% LU L. XM TEMEER
ARREANERREAKRE, AXEFRAE —EREmE: BRTREE, FELE
AT o

(4)

BT ERTHEHARE. BB, RARSRFRFEENHAEDER, BHAMN
AR ARG E R BRI R R MAEMERSRERANY). EERNE
t, EMERRFZS T A B ATIY, REEFEEKHEN. &
HERER L AN, REAT S EESHMAEMEFMEENASE, FEXEEMH,
LUK R EEAAABANDNRE. LR KA =4 Bk, 105 et Lo
Rk R, hANA K EE T ARS8, WARK. EREBRE N EAREKR,
Fif8 Bkt COD 4 2000~3000mg/L, BOD/COD~0.5, w4 bitly, EE AWMLY
PFACE . RN SR R A R AR, FHIEARA, MRS, EERRE
X, SFFERKEER, FEZRGE: MXAREELE, RIZE%, d&Ehas,
BAKMERTZ, ALEEAD.

1.2 4 BREARHAS R AIE

AR A B R R £ ST B R Eh ST A A N AR R SRS AR 4T 4 AR IR
B, 2dMTRAEE, HREME. B2, MOERRTAERZ I, a7 —F
FEMRBKRRERS FURUAK LA, EA—R3ERENAmaE. HTERN
AERBRBYBLZE, BRI BEPESHEAR, RERNEAEERS Y
B A BRI E, AUEB BRI, IR,

BRPHBAZEIUNEARMERZE, EASHBIBRL B RRER L,
MARRHERL S TR EERBE, Re THAREMARHT™, KRE#ERBS T
PRI B C-Cs UK H R SR, JRAFFRAKER, B —MuRiE &
R A BURTERR L AW MR R IR ), EXREKDHIMEWERAKR, B4
SFEBBOR . A BRI A A A R FERRATEY, AR AR
BAER 55 0T H1 F 514L 23X CoHg 50, 5(0CH3)055(SOsH)os TR« B 1 - 6 AARRHRAN T
Zrin—a.
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ARBETRERLHREF MR

CH,OH

? |
/ H
c—g—o CH,0H SO;N,
| I
I ve CHCHO CHCH,
CH
N cpy— CH:OH OH CHOH
H;CO
OH CH,OH SO;N,
OCH H OH
3 HO C—C—
JO H
3Na
H,CO OCH;

Bl-6 KREHRBRMHSTENN (F5)

Fig. 1 - 6 The molecular structural formula of sodium lignin sulfonate

BRPHRERE S TENEHARNAY FERAHERERRESY, ANAS
BLKFERZR KRR, WA —FRE K 23550

HERL R IR B 2RI, Bk, e KTREA/NFEIREN,
2R, LERUHL RS 2 LR R SR 20 N 2 1 BE TS IR M ZEBOBURLR T, (AR BIRLR I
HIBRK PEAE 37Kt o K B 3 B4 PR B4 20 1 R F R S Bl Ik B B 5 B34 s e )
HarF R, ERBRHERBRRR L. B, 5T RETOARRRRMNANEER
KVF, B THEKEROSEATT, RBRBRSEN—FEENRE, BRTTS
2, TETRE, REGHET AN -TE.

1.3 AKREEBI M

AR R H i h R W E I3 M, XN B X EUHREE
FIRFRRPE I BMARENER . B TAREBEREY THIARBRR, KRR T
HAFRIFMARYE, ANAEA C~C MHKERSHRIR., BESOKER, 2
BRI S FREFERNTY. EEES TENAREERLERRT A SR,
B FENAREERE R AA ST EEWIMLEY, KA R ERHESHE



KRBT R LA FA R

BT . TTHMASRES TRAT 5000 MAEES, Horut ks s i feiesr,
WSTKE%@%QE%,@%ﬁﬂ,ﬁﬁﬁ%%ﬁﬁﬂﬁﬁﬁﬁoﬁTh%%ﬂ¢*
RS ARIEEEN, &R — 25, ERRPRARER) TR ST
R K, RBIE 4 R IR AE R

BAALE, XA ERMBRE SN A TR Rk Vs A s
WA RIEEASANEGHHEN T, R\EEREOPALERE. GI0E L 5 B4,
PIEEURM . HRE. REHUCE L, MAREMMBS TENEUIE, B ERR
SRR IE S T E S AR RER S, RGeS LSRR 4, Uk B
HIBR RE BB M /N B RE AR M A . AL T E R A RN IR L
SRR R R o ThREALAL F B R 0 K BRI AR S AT AL RO, A
HEZRIER. RN S rEaRL. SR, R, Bk, B
B, BB RAL T S R AR A AR R R B S T BT AR
BOSS, XBeIyRAT LUEA R B 3 0 o SISk aRE s, i LR A A K
FUERR R FARR S, 2 TREATRE, 2FPEARE. BREWR. KFRRE.
ByFEdE . BRI SE, MAREBRENRNEREREEREANERAOTER: B
RRHE. KPR RRES.

AP B S N R RTE— &M, TR RE IR s L. B,
HEE SRR RN R, WA BARR. BARER —FKEH RIS
TREENR, BRAGBIBL. BUAZRRHLAFERENS FEA, XEAHRYE
FBERAER, Egihe T HAARmEEMER. BRARER S TSR pH H
FIKHE T, BERKRGE, BAET L. ARA—RENER.

i RS A R AR AL R NAEA R R LA B, SINBERRE M E A F:

(D HERBEERBARES URRMERR T RN, TUERREFRRRMNE L
SINBERRE, BRI K™ 5.

16



KRBT R B Z AR

R OH R SO;Na

+ Na,S0; ——>

OCH;, OCH;

H
OH

QEBARIGIE T LBRAREA FRE AT LA BORBA AL . K BUR HOBA P AR
PR A FE B PR R AR . BRI N— S ENWETE: — BB ARE S FEM
WHIRBHMR N ; WP ERBARELSZPREL, S UHRRNKN. RIECHARE, H
REURNEIEREEXT LA OERERNE L.

BRI R, Peter dilling™ O Lin® Y% AMET KBIBIR T/, REEFAT
RIEREER F R ARSI R R TR T 2% ERE, A HEREENE R 7
HR, FEBRERAE BT FEFERARIAREERS E. .

HCHO +Na,S0; + H,0 =<—===HOCH,SO;Na + NaOH

L

L
+ HCHO ——» :
MeO CH,OH
MeO
H H

HRIESCERIRGE, 32 PP EEA R AL S N FE B AR T A B 3 AT DLgkAT . (BB T
ARFEEREFBR BB, B H AT A SR F AP S &0 T T,
Hbh, BT RSB RN, EERAMAT (W KMnO,H,0, %) #1T
EAe, BIATHOON D TR FATRAL, )5 B RREGTIRETRRER, X0 AT LA7S 2
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KRBT RFMIAREZAR X

ERBMARRER L, X5 TR, SEBRELTFT.

— BRI E S T AR BT RFA A, SRR TSI R TR R e
PR K BB SRER IR R . AREFEEAN AFERRE. BRELNEN
B #hME ZERCIEHIT T B R BR R AR K R R MK PR (s, FERET T
53 F B AL BE XTI AR ST R AR SR I A M MR, 45 SRR WA BRAL U A TR SR B AR
IXHEEAKRAERKERAKER: AT, REEAPIEHR T HRPEARRIEATZER
RETBUK RN RITE AR, 4 RRR AR AR P AL IO E R nER T
k71, RmEAKIERAEIER, 2T B RBELE XT3 SR B R S 4 U
WHEW; LRETRERES. BEECYEARR T ZHMARNELBEL, $I&T
BEALTA Z AT BAESHML L E &40 SHFHEE 10% , BATIHE 26
% , HALFIAE 08%, UEMMAE 3.2%, BRMNEMY 3.5 @b xSt =Mk
TRMRHIRZR: S WREK s B G SR TR KRS,

AFREBANBERRELE, BRI BERnREGEE, THREREKIET
RN AR AT SRR, KYRR . HOKEHR. kR AR S
Fil EILARERER, AR MR U T AR A

1.4 BB R SRR B

141 HERRFRNH AKX

KER A BEEAERRE, — RN SRR 80% L E. B E
BB asmamrt, RELSZE. M. SR, Xotde TR Kmn R P g
RIBFENASEE T L. SRAMMRASLETSE, REEMEEMANLEEE,
AEHFEERN 11.6% . HEKRFELEENR 5.6 1M, HhOEEABEN 1
W, HttFBERU%, RABWHE LE-HEAE.

BRBEKRSE SRR EEN LGRS TN, HRERERERTEADRE
HHAATL—F, ERIOER AT, WAERS, ATHRERnER
FREEAENAR, REEFTHEERERL. WA RKE, HAERBXEE
AR 192 4, MRENITHAF 110 F.

FEREFRHED, REGREEANHFTEFAE SR8, (D) #REFEZER
FZAR: BAT, RERERFEGEFHEESEIE, REx SHREE RS RER
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KRBT RFBEHRAEZE AR

GAUER. FROMAKHET. RZARORENRREHRORARIRE. () REA
PR mTRE-EFLUBERENE, XFHEANERIREBARERHEALL
B EAT. HETREREAELE 24%—F, MR EESREERPEZLN. #R
B, FEMBREALEN 5%, EEH95%. BAFT 75%. H= 50%. %W 60%-
#E 75%. HA100%. (3) BRI RPN RII ARG ) KKK : 20 BRIF KA
A, MTFAEENIER, BARSERE . ESRERERAE, §XIFREEERA
HARKREREIE. KEHik, T, KEFRMITA L. BRBRUREEKIH
BEEESERITEY X OESHEE,

o ERBEROFAIR, EBRRIMT —RIEERSEROFRAAE, HH5
ERA, ZBBRESRA, WEHE, MOBER, ERREEENSOEE.
1.4.2 BERBFI AR

Bz e B K £ A8, RERFFRMPEES R —FE &, RIE
R RNE AR, HHRENEER, TRRAERARAEN. KBS AUT
JUR R,

(D) SR Em RS XERRERI— RGN —FEFY, EHRRE%E
HaESERERARMZ & RERAR, FrFiifeedmimbaRRER, niks
P, FE T2 B ERE 30%~40%, XFERKS LR, HRAEPELR
ik, SFIL AR R AESEER 1/3 £, FERBREMM L ETLLAS] 70%~80%, XFPEIE
KRS FE S, RRSREmasEn. REERER TZHAR, HRfyEE Rt
BRAER. mAEENEEHRE, KBRS AR5, Bk, KB
55, FFREKDY: H—HEREZEIIRSEY 7, RIFEE AT KT BRI
RRE, SCIREWRS &7 R .

(2) BRSSP BIOBE  Wsh kR sy . Bk i 5= Hin
e, MR N R B — e RE LR RERLT, ZELHMEEE BRI D;
¥EZ T, BEEZHNARDH, WTaea KENFRE L, RHEBREZRLRSI, B&
SHER MG F R E— T .

(3) FHHAIHERER . A WLBKAR T RGBSR XEEREERRER
THT MERER, ISSREEAE, RESRE, B RUZEREREF.

W R 80 FRLBIRBCh EEaH M EELERE. AT HEAEMER,
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ARE T KFB PR AEFA R

—REERBN B LIRSS, AL S S RE RS, RRITRHE
R, KRR R M B AR K, ATAZ B8 — A E R
HRE AR, WX SRS A I TAAR T W SR IAEE RENE R, AL, RiE
WA, SKS R, ROEFWBE, BB TER . KFERFR T & A,
RS R, SO TR A, T4 T AR

1.5 KiREHMARAR

BB AT R P B R TR KA B SR b R, BEE MR
BER, SERIIALE AT B R R E b, RS AN s
BEEMBERAAA. BRBRSE™E, BEPRENEEYRELERS, MEKE

rh L R AR LB SR BRI 45%, REE R EIX 2000 £
T, R R RVEEM LRI, R AR R T A FUK AL R R Y .
Bt 1 NIk L B (3 K AU R B (K, S HEIBCE £ AR T, A EBAL, A
PR OEEAER, TEERTENSHESR. Bk, SRnTEEREaFRE
FIE 2SR

R AT N\ PP R AR S A L A IR KR, 15 T AR R B R
i R R A 4, T TR R e B R T B AR I S AR R AR AN B AR
MENXER; RAERAARZNEHRREE EBAMNRTTHE, 52EH, =&
BB X REABIRMBREL, RPMBRALL, EHKETLS MRS 1.8
107 NES G

hTERBRPIARE. RERMESES RS TRBEEFINIIEE, TLE
B RERER: SR —FEE S, XAFREENE R, BRI ERE
VBRI A 8 7K R Bk T AR S PRI TRPE AR R AR BRI ) R, BB SE AR AR B
B “FHR W HA. BTRERBRES TRNAVE BRETEAYEAM, #R
TS TS 2 R YRR PR A

B, ATHE—PREKERNMER, R RO RIS SR B H &K
W, PIREMRHBEE, SEZEMIBRNREIEEIIR: HIMIXTREPA
RES, WG TR S, RRREEEOER, SRS N BRE SRR KR,

20



KRBT RFR LR A ERR

%

(bt
ot

and
[a]ay

i

ST R A A
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KRBT RFMEAALEFAR T

2.1 ZWEH

GERFBR AR BB B LABERTERIEAR (1 4+ BB WAAHRT
RAEMAR (2# BHK)
1# BB bntE, REH34%, RAMTEREK2-1.
A 2-1 BRE AN

Tab.2 - 1 The results of 1 # ck liquor wastewater analysis

pH A% FRHR a4 THldh

9.9 35% 20% 40% 5%

2 BB UIE Y bR HE, KB 20%, BOoHERE2-2.
A 2-2 25T REBAREANW

Tab.2 -2 The results of 2 # black liquor wastewater analysis

pH AEE AR e Tl

10.7 6% 37% 49% 8%

SIS P HIRTE R BRIRIEES, KRB &SR, T K MIT R AR
KEBERKOZW, BE 2-3.
F2-3HRTESWEI/ %

Tab.2 - 3 Analysis parameters of coal slime industry / %
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KRH T REB B AEF R

Mad Aad Vdaf

1.08 42.31 2238

A21-4 HRAFSN/ %
Tab. 2 - 4 Elemental analysis of slime / %

Ca Cif  Hua  Har  Ow Oz Naa Nar  Sjaa Sraaf

40.12 7661 247 488 746 1458 079 1.56 1.18 2.25

YRR S AR B e R K, BB xR BT TR 44, 48R0
*£2-5,
R2-5 BREEMT

Tab. 2 - 5 Size analysis of shury particle

WA /um >200  154-200  100-154  75-100
T B /% 0.06 0.28 0.53 1.35 7.4 89. 66

74k, NHBRNTLRTEAN R TR 2 -6,
A 2-6 BT LS WAAESHT/ %

Tab. 2 - 6 Analysis parameters and elemental analysis of coal / %

HH Mg Aq St ¢ Cq Hq Ne 05
WewE 105 707 04l 080 48 139 649
WO 062 875 0.85 81.81 437 125 298
TR 054 920 0.90 80.19 4.50 127 393
KB 047 1313 1.00 7805 378 121 2.83

2.2 FHMNRERD S

2.2.1 KL
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KEBTRFR LR AR

2.2.

NXS-4C BUKBEH AR T
SYC &g BRER AL
BRI REAL

13-1 ¥y i 28
pHS-3C ZYF5% pH 7
FAVE 1R K 4R

[ K G — b

78 — 1 BIRE S A FE 28
DT — I00A 41K F
B K 4 — bR

HF TR

2 KW

T ERE M

HCHO

RAR R

T HEUG T HAX R
KR R &

ST AT /R RARA
EERERENEEIRAT
EFEBHB KA SF TR A =]

WLE EEME L2 REmE)
LR SR RPUFHEFRA
Sl oy e\ E

WiLE LR L R
(R3E)
VARIEL R —T

ZALE

|y arvill

B 2-1 KRR &AL 8RR

Fig.2 - 1 The preparation of the water coal mixture and testing process

black ligquor+distilled water

change pH > measure heat of combustion
v v
coal slime » weigh coal —»| beake »| agitat —® water coal slurry
v
measure stability [¢ measure liquidity [¢ measure apparent viscosity

2.4 KBHHF
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KEET RFR LR E AR

B RS, BEE . BESDRREEIRETURTE, R B AR (A ARHE 55 05 i
B, e LBl R BRI KR, EHBE, FEAMRER &X
PR, RUKE. Wahtk. Rt RNELUK pH RN M. BaxEKR
VTR, B EN B, EREIRER. SR, BRARE, ¥
SRR AR B KRR I BT

2.5 BRI R IR IR

2.5.1 KEERMERIE

AR NXS-4C BUKMERHEET, KAE GB/T18856.4 - 2002 FAUE KT
SR A B R RS B . 7RIS 8 20+0.05 CIMIRIR/AKH T, K& EHIHIKEKR
REEEANEA RS, HEBILER 5 246, REEIYIHEMN 0 FHE 20057, 7E5TY)
RN 1005 B, R 1 AR R EER, S S R, RERITE BRI
BN R AAERE . AWM R RS TR B, MEXNNT = 20CH
1005 FIBIVIEE
2.5.2 KIRRKRERIME

AKARSRIRE : A8 30K A EAF GB/T18856.2 - 2002 F#UE M TR TR L R E K #%
R, BARRETEWT:

1)ELF0 4 35 HE 2 A B A3 R (3.0g + 0.29) B T Fil sk TR AR E (FRYEZE 0.0002¢)
HHFRBIE (50%30, BIEF 50mm, & 30mm) F, BEME, HRE (FRAEZ 0.0002g),
REPET
NITFFHE, HHRERAMEEBATESRIFTINAE] 105SCHTRET, E£5R
{144 T T4 1h;

3) NFEA P BURFRESR, RIS k%, AR R HKY 3min FRAGRERET,
AHEER (4 20min), KE;

4) RIFME LRI AKBER IR

AKAEH IR =118 5 T AR E R I B/ TR AT KRR B R E .

DREESBERTR, ETAHH:
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KR T K%L F A8 3

m
c=— X100%

m,

™ —TRERHABRGNRE, T TRIKEERRRRE
2.5.3 KER RN E
KBF R ERRE, KA BN
AR WTAE, WEhELE, FREAER
B% MG FshBuELE, RAERMAAHE;
C%& faBhTA A BRI i sh s
D& VeRAHHK, Aredsh;
(FRH, “— SRR BN EFRENBIFRES, —RHEsIE>C T T
BrAE )
2.5 4 FRBRIZEMRIME
KRR TN A#IERKEMEEENE. #ERKERRR KRR ET R
A, d—EMRE, UEEHLTKE NEHKEBERKBADE, BHRAKREH
—ERBEHEE BB KERMER D, WEBTETEEN, AR SHIE™
o AR
A—RIBRFEVIRRE, D5, TRK, LK, BERRLT:
B—RAH DEIBKELTE, BEE—K;
C—RUAMMEHS, AHLBK, FOFKRIESE, BLEHEHETHEL, &
EMRE;
D—RUEPMHRAS), HfEHaEnk, SusReke, Rettis.
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KRBT RKEM LR AR

=B BRSHROMEELREIR

AR BRI EHRE 2 — HE NG R AR &SRR AR
(£190% A8, o 56 S 1 R 20 0 24 b B A A 2K AR R ), SO BB T A
BRI B RA, ] i KB R S PR TR — R R B I T ERBERTEH
KEMARE. RERNLAEFZENNE, TITUEIRImELER, AT RSB
BEFEFBE R P RIS RS, BAERRREEREKEE, SHE
FCHlAKER, fEAMBHEA R, EPURSAPRA. B, BRAGREME, ik
KRR H B TR IR BB SIRIEMRINKERAN, ZRhmaiya
AR, AT LU KRR R

KEIG BRRNELLGI KL SRR E=BM 45% 14, KHELK, SER £ NRTR
EiRik 2000 770, 1EABRIEE LG MEIF-H—ER, ZHREBRg. B
AAKA BRI B AT KER b e e b, i Rk R
WRFEAOR T RBR ORI, IR E SR R ARt b Bk
A, IEEA 6T% LG HRRB RO ERYT: kT PE"RHER S T g%
MBS, $RIBERKEREIRKS TSI e, T EARBE R IRET: RivAES
OIS BT 1 K RIS HEREAT T RABR A, #8787 BRI @ EEAL AT RS
BRI X RV R MR R I R . BR b2 4, RIS USHERT A T ek fixd
BB W, SREY, RMELNE, FREKEERE, BEERH,
[lINER:S 295 €0 p:- 01 B

AEFENRERBBSRIEH Z KRR RAE AR, HRT $14 BRERNH
T BRI IR S FIRL S B N VB R M S . B EEEE 160 BORIRE LU T 04808
I EABER M BR HR LL RIER IR AR, BT BROERLA, 34100 B. -60 H
BRI R R 2 R B M
3 RREBERREROERRIMLLH

RE R B BKEERSISKER, Bl —RHERN, Fihk®EREKT
g, ERAOKNRENF 160 B, JRE 130g, WHERHE 10 208, B MZEEKL
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ARIET K FRLB #4718 3

BEAA, K 70ml,
B BIRRIK R % 3-1:
£ 31 ZRF bt

Tab. 3-1 black liquor addition

it = 1 2 3 4 5 6 7
EREW/mM 4 6 8 10 12 14 16
K 18 Kiml 66 64 62 60 58 56 54

SRKERK RS RINEK 3 -2:
£3-2 REERAFILG TRER G ZHH4E

Tab. 3-2 Test results of water coal mixture of different black liquor addition

iiJ " % 1 2 3 4 5 6 7
‘iﬁiﬁrﬁ‘zﬁ'{/% 6474 64.63 64.:4%3 64.35 64.22 6410 63.97
WEHE/mPa-s 349 610 654 678 784 902 1015
Bt A+ A A A A- B C

o tid 5 6 8 10 17 16 14

ARBHEAMBHEMHT, HEBUKERRMERLE 3 -2, WPATABE LA
ARG, KERARIEEZRERES, REdRh 2BARES: &
ikt TRERE, RN REFRFEBIERE. AT H—DuB RS, KA RREE D
BT, HEMERREER -1, £ERBHFMEXT 12ml I, Prils KRR A%
Bl Ik, 48HE BRAMEREM, P& tiKeERRRBHEHE, ~5
REHEFs, AHTHE. FIERE 60 C, T 10 240, RBNENMER 7.2
% (14mD) B, HIRFIKERTHERRE . RUE . Raht et 84 LRIAHK
yHRAS o
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KRBT KFEM L RAEFECR L

1100

1000

N

900 |-

800 | ,////p
700 - v///4‘////~

apparent viscosity/mPa-s

600 |

500 -

400!
 J

300
I 1 1 1 ) ] 1

4 6 8 10 12 14 16
black liquor addition/ml

B 3-1 AR SRS N KRR R B 2

Fig. 3-1 apparent viscosity of effect of different black liquor addition on water coal mixture

3.2 160 BB —hIE KRR B R K

3.2.1 LIS

YRTEHLEL 3 A0 R e R MR WIR K, B I B Ao AR Bk, BT & U4 L
T GRS, RAREEERFBRNT 160 BEFHRRE S5EKBBE KRS H &K
PR R . SRR R R R AT, B — E B AR LS B SR B, F 101
MBI B 10 0dh, BEHRVRE, JEx bR E T ORI E T
%,
3.2.2z=AXER

FEAYERBRAEADIRT, NRNERBR, KRR AR
HERABHEE KRR, MBI .
3.2 3LHER

AT TR R I B e, AN R S K R KA RGBT R4
IR FINEERBANE, SRRERMLE, FIEARKREAIER. LRERNT
*3-3,
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A3-3IRRMRHFRER

Tab. 3 - 3 Test results of different samples

apparent viscosity /mPa's
Samples  BLA/%  C/% L Sd
10s? 20s’  40s’  60s’  80s’ 100s’
Al 62.50 1120 835 650 553 494 444 A+ 11
A2 64.35 1546 1154 877 695 577 S50 A+ 13
6.0
A3 66.04 2235 1605 1257 1067 887 805 At 14
Ad 67.56 2818 2109 1639 1454 1218 1012 A 14
Bl 62.37 1307 914 690 554 791 430 At 13
B2 64.22 1937 1468 1139 976 871 789 A 16
72
B3 65.91 2615 2123 1506 1308 1130 959 A 16
B4 67.44 3200 2397 1853 1577 1264 1om A 22
Cl 62.28 1573 1219 98 836 746 664 At 16
C2 64.10 1715 1266 1088 1033 950 903 A 17
C3 M 65.83 1808 1599 1478 1382 1242 1009 B 19
c4 67.36 3083 3371 2520 1681 1261 1012 B- 25
DI 62.16 1937 1425 1084 930 803 714 A 1S
D2 64.03 2455 1879 1407 1179 1021 906 A- 19
D3 o 65.71 3042 2265 1728 1504 1240 1024  B- 22
D4 67.25 3244 2290 1696 1281 1024 C 25

4761

BLA-black liquor addition; C-concentration; L-liquidity ;S-stabilit

3.2.4 TWTiL

(1) BEBHRE

KK E, BB, BREAGEEPEERNSE, B0 TR R
BAYORE R WEBAK, RIKERPEHEEREL, WEAABRBE, MRGEH
BER. BE, EHE T KERRENBERLT, WREBK, KRR RE
WK, XAKEROHE. BH. RIENEUBBAR. Bk, EFRKREKIIRER R
YEAFEER. HR LEURREER M TH. BFEHLT, ERKBEKOREEKX
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KIRE T RFRLEFARI

F 60%, SREHEHRMIME. REBFEMHT, KERNIKREGSELT.

FERB P, N B AR RN 2K TR AR, MG B
Bh72%, BRKRER 67.44% 0, MBREK LT BERME, ARt RE. A
YRR FE R A AR IS K GEILE 3-2), ARTIA (AL B. C. D) FK
BERKRESHENHER, BFEAMNES, £/52BRP R THEERRNERBE
m, EAZ R EERE AR, MEHAENE K. RN REAS . €
WIRK, BEFRE—FZARRI, F, ExERERRE—EnEn. EER

HINEEEMAET, ANE BT T A5k B R R BB KT B K

1100

1000
900 -
800 +
700 +
600

500 +

apparent viscosity/mPa ¢ s

C series /

B ser;és
' A series

400
61

Fig.3-2 The relationship between concentration and apparent viscosity of water coal mixture

(2) WEERR

BERBRT, KRR, ANSRAEREN, AR, DL,
SRR RIFHREY, RBREFNEF R, s, MEREHE, RaRE
R E, EFRE, S BN RRRTHE, BIRERA. T O 50KEERE
RAHEHZRRE, HHAEAREYLERTEMRERRNORMAE, FHEA GF
R 3-3), BETH, SRAKRRKEE VRN, ROE SR TR, REE

62 63 64 65 66 67 68 69

concentration/%

B3-2 KBERESHENLXE
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KIRIE TR AT A 26038 3

T8, AHWEHEIBLARRFE, BAEIKER I EKN IR TR

shear rate/s

K 3-3 BIYIER SRAHERNXFR

Fig.3 -3 The relationship between shear rate and apparent viscosity of water coal mixture

(3) HsEPERS

Bt A A TS, KB R BRI 12
i, FURED. RO HEER, MAMRAEARD LRSS RS TR, B I
K BEIR, FERMIT, KK IR A R M SR P Bk
RIFRE

PR R BT A . Rt Z X BT LA E:
PR, BOIORIE RO . BRI . PR BERVEIAIET, M 2-3
T BLE BRI IR T Rt b, BOR IR b BN, KRt PR e,
e, MEAERRME Y 12%, BRHOIY 67.44%0, HEE TR
7E20 REL k.

(4) pHRHERRE LR T

T EAR MBI pH Kb, FHARR, WEFR pH FHBERORIE, A
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KRBT REMEBAREFART

3 - 4 PAILLE B pH /M AKBER M E MM A K. FEIRART BRI N E
Ztt, LR SERZ EREMNE. ERett MRzt im, ERMEARAE. &8
I8, pH M EBKER K BRI mE D

1050

S

1040

1030 |-

.\-/.\"\-

1020 |

apparent viscosity/mPa ¢
=
-
(e]
T

1000 " 1 N 1 L 1 . L " 1 N 1 N
6 7 8 9 10 11 12 13

pH

B 3-4 pH HRAABES X Z
Fig.3 - 4 The relationship between pH and apparent viscosity

(5) KEHKKEKAE

MTFHI&EMKER, —BATRESBPERE TERRNARE. Bk, #
FIEUKEERES, JRRFERENEAE. BT GB213—87 MM T8 KB TR
IR AE. EARMKRERN 19.14MIke, EAELIRNEN 18.32MIkg: il Ik
BRMRNE: EASMENEN 21.63MIke, KALAREN 15MI/kg. Bt &AL
K, dmb RUE KR OBES &, HRALRRE T OBERE, ZhTERER
FHTRENG, XRUER—EREK, BN FAEER, RAERE LERIEN
AL, BERE, TUURIFIABRR & RAKER R AR, LSRR S
EAR Gy
3.2.5 TEMBIRK M ILE

EARMERBREOERT, H&SERREREHRNAERE, HEN 479
mPas; MEANHELTRMBEAKEROTMMELF RS RENE, FHAE—K, ¥
FRARDTTE o ik AR TN TR %K. HARME W RIS £ T 350 2% MK ER 5
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KB REB TR EFAR

RUEK, EREMRKMEN 19.00 MIke, KALEREN 14.11 Mikg. ZEHE, &
0T 4K 2 90 ) % P K 3R I R B K R T2 1 el % K R ek e

3.3 -100 BR—NEFERKERRREIZH

-100 B FIBERL 130g, ZBEAIMEN 122 16+ 20, 25, 30, 35, 40ml, FiNH
K54 58+ 54+ 504 45, 40, 35, 30ml, RELRFEHIEKER, WEHE
50 221, 256+ 354 458, 533, 785. 984 mPa*s. mﬂ%mﬁfﬁiaﬁlﬁ, JFasm
ABR-160 HIHARRIMBRE (12« 16mD) B, FRfGHAE 454 221, 256 mPass, #h
FEAR/D, RRGRIEAK, AR 1 5 5 ke i 2 18 Vi A5 R Jo ik A ORI 51 43 ’UE
BAMERD, B TR, ROARMEBRM IR, B HRMHERER
WRMERXER, NE3-5. NELWLE LS BRFMERER, R Bk
K.

1000 |-
900 +
800 |
700 +
600 |
500 -
400 —
300 -

200 -

apparent viscosity/mPa.s

W0 20 30 20
black liquor addition/ml
Bl 3-5 AR BHER IR KGR R 1%
Fig. 3-5 apparent viscosity of effect of different black liquor addition on water coal mixture
AT —HHRIF-100 BERRMBRME, A4 RS R BRR KR IR
B, FERSIERE: FREEERAME, SCRBRLEE, BEARRERER.
HKRERNTE3-4

£3-4-100 B R ARHFTE
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25
30
35
25
30
35
25
30
35

Tab. -100 goal slime slurry experiment

45
40
35
45
40
35
45
40

35

130
130
130
140
140
140
150
150
150

63.6
63.2
62.9
69.3
64.9
64.6
67

66.5
66. 2

2W/ml  EKkml  BER/g  KBE/%  KE/wPacs

458
716
951
533
895
1025
785
1020
1128

wEhtE  RsEtt/d

B

3
7
12
6

16
6
11
7

AT 3-4 FIRATLUE N, BEEBBENEN, FrEnamunesx, wEREs
WK, SERMART. YEGERKEHD 64.6% 0, HI&KKERS ISR, &

sttt B, REMERILLAS] 15 KELE.

3.4 -60 BB —hEHIRKEEB ML

-60 HHEHRL 150g, HMBREAKT A 12,
53 RIASINFENEK A 58. 54. 52, 50. 48. 46. 44, 42ml, HWERFHRE, HIKKEE
BBk B0 (5)501. 560, 782. 805. 839. 1024, 1025. 1027mPa°s
ERTLAE W, kL LB R I ik, ARG 160 H AR 2/ B (12, 16mD),
Bl & MK R RAD, WAs—BRX L3, Retiz, mahtRy. EHitx
FEE|, MEAMERR, RATUSES RN —LEEEKNE
BB EEHIRE, W2 RS KRR th L, (BRI A s Hs)

16 18. 20, 22, 24, 26. 28ml,

MR 2I%m. NE 3-6 ATLAE R E A R BE RS I E KGR

37
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1100

1000 |
900 -
800 -
700 -

600 -

apparent viscosity/mPa.s

500 -

1 L 1 " 1 n 1 ] 1 a 1 1 1 " 1

10 12 14 16 18 20 22 24 26 28 30

black liquor addition/ml

el 3-6 AN ) S N A0 X KR R U A S

Fig. 3-6 apparent viscosity of effect of different black liquor addition on water coal mixture

BEEVR INE W E RN, B & RAER KRR, ot R
BF, ReetEREA S I BB I TR A, BIR MRS, BEEHE 1S RUL,
JRH R ALYFRIUE, SHIMhH& RS IRTF RYT.

REE, h TS -60 B KM, HE ERARE AR LLHFE KR
WK MERS D, FEARGERE, RNEERERNE, SERENH, 6
BEARERERER. ERERNES-S.

MFE 3 S EIBPATLUEL, BEAE BB MBEMEN, HEWANEEA. ALK
RHE h-60 B, HPMAMARE, FIEAERARE, ERIEEA, KRR
JTHEEZ R ER S BRI R, RN RIRRER, BERE
RTRE, REERMAE. B SERETLGE, REERNL 70% 8, BEFK A
BLE, Wi A- HIEMAKREEARIE Y, HRRNS, A,

£35-60 BRAARMEL

Tab. -60 B goal slime slurry experiment
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Ba/ml  EWkml  EiRe KE/%  HE/wPaes  Gizhtt BEt/d

20 50 150 67 781 A 5
20 50 160 68. 4 938 A 6
20 50 170 69.7 1025 A- 7
24 46 150 66. 7 1024 A- 15
24 46 160 68.1 1024 B 26
24 46 170 69.5 1026 B- 24
26 44 150 66. 6 1025 B+ 20
26 44 160 68 1026 B- 23
26 44 170 69. 4 1028 C 22

3.5 KBGE

(1) HURKERREBEES 160 HUL L, MATHENTRARE, 5EKERE
FKERE, RETKERRAE, TUIRIFHRHEE TUARNEX,

() KD, BLUERBROAME, WE LR AR, WREM, 2
RRMERN 67.44%, BREBBMBMEN 72%, BMEMK 2536%, HEANES
v gr, AIERRK AR 20 RIRFF RIF, RAREMRTE. €8Tt hsds
PSR I R B IRE, IRERET 6% AL, BERhEETIES K.

(3) BUEWMBEIRBEKE pH X/, WH/KER, ERILK T Adeirit A
BAEEW,

(4) BRTCH AR EZR 100 HUL L, HBBARMEEMA 19%, KEH 64.6
%, FIRMBRKERFKLERLT, Rt B, et 15 KL L.

(5) BRI HLHHE 60 HULL, HBHIRMEN 9.8%, KIEH 69.7%H,
LA S BOKIER, Wt A- et —A.
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KRBT RERTHAL LRI

FNE HELBRS RIS &R R X

4.1 KBRE

GBS HIK AEER LR LEBERFERIMELAT O SEBRD. LlEEHE
TRERLE 2 5EB); HRRAB-E—H.

15 BB LGS ERRARFEL A BRLERNEFER, R4 L BORGEIRE
JERRRR B AR, RE#—PMINA, KA HELE =T, 2 SBRNLIES
BIRARAGEIATRBARM. AREBRS. KE. ASESENTEHERE
Bk, KRRZEEDISERIAA, Hits 1 SRAMLE EREMEI, KK
THBAF T (BT HEERUZERR, SENEE),

4.2 TRLEFAE

TR F—EHE,
4.3 R5Te

4.3.1 Fim FARM BB FKER

AT ERRAEHA S BREE, LHERaEa, AXBAAEIMERA G
FRMER, BEEFERT, BRBRETHRES 160 BUT, BEHA 130g, ARNER
B TS KRK,

Ra4-1 1 52RBHAGER
Tab.4 -1 The consequence of the water coal mixture of

1 code black liquor
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KRBT REBABIRAE AR

Bl /ml  EBKml ERe

W% K8 /wPaes  FizhtE TaEM/d

22
26
30
30
30
34
34
34
38
38
38
42

48
44
40
40
40
36
36
36
32
32
32
28

130
130
130
140
150
130
140
150
130
140
150
130

63.
63.
63.
64.
66.
62.
64.
66.
62.
64.
66.
62.

67
43
20
90
46
97
68
24
73
45
15
51

331
562
750
786
901
816
996
1182
1015
1020
1318
1114

B
BH
A+
A+

3

Ra4-1 2 HBRBREGHRE

Tab. 4 - 2 The consequence of the water coal mixture of 2 code black liquor

2 #/ml
16
20
24
28
35
35
35
40
40
40
70
70
70

#1R7K/ml

94
50
46
42
35
35
35
30
30
30

Wikle WRE/%  ¥E/mPacs  HEMME BEH
/d

130 64.18 202 L

150 67.20 586 5

150 67.01 702 A+

150 66. 72 801 A+ 11
130 63. 41 445 B 4
140 64. 94 668 A+ 7
150 66. 61 942 A 12
130 62.98 753 A+ 9
140 64.70 981 B 11
150 66. 25 1020 B 14
130 61.55 1031 B 16
140 63.29 1128 C+ 15
150 64. 88 1209 C 12

4.3.2 BREERBRFIMEMH TN

KR p—A R RN, i SR R I DU ST S IR R R H R KR B
RO, BT 4SS R R AR EAE B S e BRI, AR, Kk
EHMBERBGEREN ERERHRBRMEE, ERERRTARE . RHERLEIARRER

WERS B, BEFWEHNYRES —ENEE.

ME 4 -1 ATLUE e R I BRI HIE T, KGR R RWAS LR 1 AR
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KEETREMIPFREFMRT

MR INE TR . BRE RN LR R R R AR MR R . R RS
KAFHER, BRI FELHKERS BRI R ER NS TR, ER
W BB R L, SRR R U AR E A BB R PR, FE E
%, BMEFR P FRERDRBEEE, KRR RBA; RN RE A SH
VEVE R RIAEXS K 43 B3 o KSR R MRS FE R Kt

1200

1000 -

800 |-

600 |-

400 |-

apparent viscosity /mPa ¢ s

200 +

1 " 1 i 1 i i " L

10 15 20 25 30 35 40 45
black liquor addition/ml

B 4-1 LRANTERENEE
Fig. 4 - 1 The relationship between black liquor addition and apparent viscosity
4.3.3 MMBRRRRE S LR
4-2 NEREEKER] SRBBMENEZHGT, 458 30ml. 34ml. 38ml
i, AR AR B RER B AL Bl 22, AP T LU 28 A R R B I 3 R LR,
BEEEAMES . BMH&HTHEASNKREXRIHRE, RUBENFRREN, X2
B TRMEBRENZ DARTSIER.
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1300

1200

1100

T

1000

900 |-

800 |-

apparent viscosity/mPa * s

7 00 " 1 " 1 1 1
62 63 64 65 66

concentration/%

BH4-2 1 5RERKESRENXE

Fig. 4 - 2 The relationship between concentration andapparent viscosity of 1 code water coal mixture

1200 +
@ 1100 |
£ 1000 —0
S o
2 900 7 .
= - 4

I e

§ 800 - O//
> 700}
Iz
L 600+ — — 35ml
9 —O— 40ml
§ 500 - —A— 70m

400 N 1 L 1 . 1 4 1 X 1 1

61 62 63 64 65 66 67
concentration/%

B 4-3 25 ARRKRESBANKXE

Fig. 4 -3 The relationship between concentration andapparent viscosity of 2 code water coal mixture

B 4-3 hEEEEERKERQ TERBPMENLRET, 434 35ml. 40ml. 70ml
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KR T KB LR AR

B, B XM BB B A R i, M TR ot AT LU BB vk B 1A
BRI, 2 BB AAN FREFARINBARRRAEN, RIS b
HRER.

WL AT LU B B B B AR, MR ER BE M K 2
BAHAL RS, TR B ERIK Y, WENMERRER, A RH TR
RSN B AR RR. | 2 2RIERNBARIIREN 66.46%; 2 = BRIER
BB BRI 66.6%, Bikh BRUREIBAWKBHIZR N
4.3.4 FHE R AT LR |

AR A HMT A B « KR R A £ RIS Bt AT
M, hBRENEESHNHZ ANER, REWIERESEMEZANER. K
BRI BASE MK MR T . B, B S TR EEEMER, [
IS A ) L LR SRt R A R RIE AT B RO B BRI

HFABEIEE, BRERBEHAN AR, UBILDR, R, 2
AB, RATRAGKE, SR IETRE, BN, AR T AR ERRN Y
BRI, HIERIIE SEH RN RRERALE, WE 4-4, 4-5 2
BRI S A R0 W B 5 B VDR (A

5500

C >
w 5000}
. RS —=—22ml
L 4500 SN — —26ml
g 4000} a ~ —%— 30ml
NS 500 SR N —O— 34ml
ot r RS N —%- 38ml
8 3000r
$ 2500
] 3
> 2000+
T 1500 |
8 L
5 1000 F
& 500
® L =

0 I3 1 1 1
0 20 40 60 80 100

-1
shear rate/s

B4-4 BERBERTEES5FMBEHKXE

Fig4 -4 The relationship between shear rate and apparent viscosity of water coal mixture in 1# black
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liquor coal mixture
Bl4-4 BEREBREN 130g HEHT, #EMBRENNN: 22, 26. 30, 34,
38, 42ml I, BAEERHRWHEMBIERMTLES . NEFRTLE L SHE&H
TR, BETVIRERBER, HEWHEBEZ BIK, 19RWE—E M EREBHY.
MEE 40, 22mly 26ml. 30ml SRR 8 R SR AR AR AR L, AR G b
BT MR S, ERERMIBELLECFSE . T 34ml. 38, 42mi Bl & MK,
KR AR (0GB BT D R 3 KT K, R FE MR

5500 |-
w 5000F T\
& 4500
Dé -
S 4000 |
+ 3500 }
ot
8 3000}
(&)
2 2500}
o 1
. 2000 |
o 1500 F
F{a L
€ 1000}
a, L
< 500}

-1
shear rate/s

BA4-5 MERBRTEFH5AAHBENXZ
Fig4 -5 The relationship between shear rate and apparent viscosity of water coal mixture in 24 black
liquor coal mixture

Bl 4-5 RAMRRRER 1508 KT, 286BBBRMESAA: 20, 24, 28, 35, 40,
70ml B & 0 BB, HRMK MBIV RN B R 1w BRREmLl, b
EIIHERNER, BRORUMEREZ B, FESRIE—ErERRESE. 5 14
BB AR MR, 26 B RER IOM B MR iR BEE BT DI R A KTk, g b
T 1#BHH TG
4.3.5 AP REHERR TR L

MTKERTS, METRNKRENRIFHHEETRE, Betttb2EmEtaR
BB EERE. TR, SEREARETE, RetEtahRkENREYE
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KRBT KFRERREFRI

FE0 ke R RIEERTIIRE, RIEPEONED. BRKEREEH
MREFEREGR. SRR ERIRE. WA, BRI,

M 3 -4 TTLIE SR BRAMEERN, BELKREIEA, HPLmni
ABELZ, BWFERRMAOKS FUBREEMRRE S A, ERRISMN R

WAERS, BN, RINRSERZ BRMLEREK, RN FIMN
7 (Al B AR ST, SRR 5 4 ITE B R A, R vEmldiah: 2 RBORINE
BN, BERRRENEX, BTHERPKDEEHD, EERG SRS,
—EMEERME TIAARE, FRKEROREERSEZEURD), EREOKE
B, REMNEA

A 4-3 AIZRAERGE M
~ Tab.4-3The stability of two kinds of black liquor coal mixture

HEBE  BRRE BREHR R 3273

& /ml % /d fn&/ml 1% RiEtE/d
M;;éb~w, dw;wwvﬂd.\WWm“A“mdwwwégjéimwﬂw_M”;mM.‘
30 64.90 1 35 64. 94 7
66.46 12 66. 61 12
62.97 16 62.98 9
34 64.68 20 40 64.7 11
66.24 18 66. 25 14
62.73 22 61.55 16
38 64.45 20 70 63.29 15
66.15 18 64. 88 12
4.4 KB
AR R 4 B SRR R A KR SRR A, i LR BRI T R
KIRcE R, BHUTER:
(1) FF G ERHE G SR A RRITHIKER, Bk TEHERBEHD. 1#

ERAEERTAHBKERKERENR 66.5%, Wahtth B, RREMTE 15 RELLE; 2#
BHATER Tl KRR EEIRE N 67%, WA A, Rettd— AL L.
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KRBT KRFBMLHFREEMLT

(2) FERP AL BT TR B, R B AR R FBTEC, 142 kA,
BRI R BIRIE B, BB, BHURA & BB D, SRR AR R T
Bt WWBRELK L 24 RAHER RERER, T 20 BHALN 4 R IR BT L 1422
R,

(3) 24TAEAT LA 160 H LU F BB FL B HOKBE A 2% 75 KRR, B
AR AT
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KEBTRXFHERREFARIL

¥HE FREWHE SR B R EKERMIBREXN

HHEMETR T ERBRSHERHEARREREKE, Bid RSB, 1]
DB E B AH R MREFEER, SHEERE &SRR S TR, A
MRIE T RATRYMNRAE, SFURRE, KEHR, REAZSHHANEX.

AT R BB RMEERFTRA ORI, IR —LREARRREMN) 51E
BBRAEKERK, o ERFERTHEL, RIS,

5.1 KRERy

S P B = A, I IURR A (R, B AR
KR HER, RE-TE2-6, BE<160 B, F— RGOS LRHE A
FIRETBIASS, %R A,

MR RS & RERIE, KASEBRA, AR THRERE KBTS
B, —ROR: WPEKATE. JOME. R RARE. BAERES, KHRSH
BRSO . B, X PURMAEROT LU A B R RUARE.

5.2 R5i1E

5.2.1 XWHER

HESRWAR, IR R SRR R AR AR K 5-1.

¥R SR EER S IHIKERR, NRERKIER, KB EER,
FREBHNRASRR, FEEBKEXKORIES. DHEMEEEKAERRE, B
BHBIN 3% B, FHRRERER, BHFEBRAERE: BERBNLAEKR, HBR
BUBIh 6%, 2%F, RAUSERFI—MREFORE; BRABALE, ZERHE
bl 12% B, RRABRR S s, B TR BT NI R B LB D, Hoo AR Insi Ak
Sy, RRUMEREH S TELR GRS, SRR, s RBEN%
gmK, RRHRSTIHRE, HRFNNERERSE, RITEHRI KIS BRED
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KERETREBEBIRAE AR

FRT: BRMAEHABREMILE, HRREXRE, R0 BN BRI AL
PERM TR R PR, (ERER AR R, M PEmss, 76 Tl LA/ sk R
A 51 RELZRGRAMFRER
Tab. 5-1Test results of coal and black liquor shurry

BH BREmMEl/ % KE/% KE/mPacs Wbt Batk/d

I 24 — ~ —
-y ey 0 65 — — —
= — — —
KEH — — —
I 1026 C 3
AR 3 64.8 1020 C 5
R 1024 C 5
KRR 1022 C 5
e 3 4 830 A- 6
BRkE 6 64.4 826 A- 6
FRE 789 A 8
KK 751 A 8
i 3 4 924 B 7
BAaK 12 63.8 925 B 7
HHE 891 B+ 9
- KR 840 A- 7
4 1170 C 8
Exa 18 63.3 1024 B- 9
HHE 1025 B- 1

KRR 1020 B 15

5.2 2 REMARRAKESHEMXR
BREEARL, RERDSEBRK, AER L HIERR Y LA MR SR T .
MF 5-1 PRTCLR SRR E o 12% 0, MBE EEER, KERBREHRLE.
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KBEBTRFBEHREFLRT

TREAEEORE, EEEBRILAMIRTESEMERNTE, FHREEX,
BEEENERE., BKESIEST 65.5%. 66.5%. 67.5%, EK—AHHH,
EEH R ERRENEWER . NE 51 fdhzk EaTUUE L, BB KRR E R
K, HRUKME LS. FREAER 2 BNEL, ST S0 ER N mR,
DK T BOARE 2 8 R R BB b R iz A AR, EBANMER AP
REE AR, AT MR RS 1K

1100
1050 -
m I
o 1000 |
IIE- L
= 950+
2 .
8 900}
Q
2 I
> 850
[ = F T e
[ — R
L 800} - BEMMEH
o A —A- EREREY
2 7501 KBS
700 N 1 N 1 N 1 N
64 65 66 67 68

concentration/%

Bl 5-1 RBEXREEBEHXZ

Fig.5-1 The relationship between concentration and apparent viscosity of water coal mixture
5.2. 3 RIEFE RN

KR E T S AMmARBUNREMT . 3T IRENEROKER, Haxy
FEMRKGHRANENZTNE, BRZENEEESHIIN 2 HOXR, ®E
REVIRESRMHER R R KERNREFEEEE WIS, SEEH. FhK
PREESE T 23 H8, SO0 300 SEAR A SR A TR S A R ) At B T D Bt R v
BT B EEMIKE.

T RES&HAKRE, RIOAERELBHESNERRIGE, B IEEUTRE. Y,
AR XAFHREMMEE, BN TETREE, ZhBEl). AZ:0E TR
ARSI T MR, ARYE BT VI 2 5 RIS BE I FoR A AR B 5 -2
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KEBETREMEHRAE AR

Bk, DUR R EIE KRR — BB RBRMAN T, REWAR, BEVERKE
K, RUMEREBC, DRI K EREEH.
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Fig.5 -2 The relationship between shear rate and apparent viscosity of water coal mixture
5.2. 4 RIFER MR EM

HTKERTE, AMUEREH &R R MR, EEERARFHER
Sk, RMTFRERE. SlEhgE EEREIEEEE, ARRNEEER
e ER TR, RIFER AN . AR S-1 P, RATATLIE B R
MRl BRI 3%, KRR E M RAREFE 3~5 K 3%H
TRINE S 6% R, AKEERMRE W RS E 1 ABL L BRI 12% 8, KR
FHRE PR R B, MBI ME S 18% I, KR RE PR ]
LS 15 KAk, BREESMMNE. SEEERIERNBRIER, RESERRBE
A HRE AT MR — AL L, TTLUAREBET K,
5.2.5 pH X REEERHZ M

AR 4C B pH A, IR B B E KRR, B —RAER T
B, P B pH K B &K ERERARBKR, LTI LLBBAT. Xa]
e RENEMBR R 2, TRHERA, pH MBUER BB MRIHEAER (£
TRAARE) WHAKHWBAER, HitX5EnmHBRER, HRWHE S0
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Fig.5 - 3 The relationship between pH and apparent viscosity

5.3 KE /NG

(1) FERMFERS RABEIEALERK, BERERFREEDT 160 B, 0%
BHRBEL, SEBEBIEKER, SEHARIN, ERBESREE TSR R
ISR, X Tl K B BT e s IR 49 T AR KB .

(2) BE—RIERE BRI, BRBR T FTMAN R KB R AR
BB ER, BB 12% 0, JCRARGE MRS BIRERA, REKE
BB 64%, RAEMRMEENE, RERTE10KESR.

(3) HAMR R FIEARRBE pH KA, SEEEIRKEK, R pH RSN
3% 42 &P WN: 1} AP
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SRS HMRNEEEAHE KRR

FNERMN® T HERBRER SERRHBAOER, TIALER NI5R% T
—ubgkit . BT S EEAER MR, BATEEAER TSR, B
JG 3 AR BK 5 AR RUK R . BT PERE.

BHhAREHESE RO BRPREYAEN 20%~30%, FFHAED 2L
ARELMEAFEN. KAZR - MLEUM=SMREH, SHERZE. BRI
WARZEE I =HARRENEER R RS AR S Rk, Wk

C3 C3 C3
H}C H3
H,C0
H OH OH
MNEEERTET Rt ARER SR T RTHEEWSHRIT

AR RSB T AR L EEERE A RANER (MEHRS T RED,
AR FEE, MK, BRE. BEFERHTERE, WTURS. K. k. 85F
B, HPREEARRTAERE, 4AUREENHRERHEATE.

—BERPEARESEAN 1.14%, BARERLRETHESCEETRET, 2
FoKBAE, BRI, BARRBE AR B AERMLA5E, MRoRKEH .
WTFHARZFKEANGE, FILBRAS —ENRmEHIIE, 2hTRAREE
KRAGERASEBHE, FUBRNETEERRESE, AT R&EBRE KGR G
BB, BIERARERSIAERED B 7RG AT, Ok SRR
F1E o 78 030 A B3 48 B AR R R SR R EBUK SR R I ) S 7 S R 2 2 R AEAR
FES TP AR AR E"Y,

6. 1 RBHH 5%
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6.1.1 LWEN

Bakas LS LEmERRAERFTALAR,FEH 119, pH H 851, ESEHN 34
%, KEREEGEN35%.

BRI A BRMERE, T ES S —E,
6. 1. 2 FKEHFINZR

T FR RS e REAFRR T

HCHO e AR

NDJ-R! Feks K v LR R A

78 — 1 BLRL ST IR H 5 LHE IR R AR FIET R A 6
PHSJ) — 4A BISEHE PH if FEEERA AR AT

DT — 100A 2 KF JERRF AR

6.2 KL [RIE

mTERZR P AR EAG PRGN, ERdRT, LMEARMEERD
SR, WA R AL, XRERRANAE, BN
WAK. MO FARREHITAMSE, ABEARE=ELEHARI 4, NTEES
(iEE S RFHK. ZH, TEXTARBREMEM = P AT BAL T RO PR R S
B, REBAME, REBAYHERIENESRED. R\ - RREWART TR
FEBERETANBEHTZ.

6.3 KB HE

HE TR 100ml ERAZBIMABIRNESE (250mD) F, IAH 50~60ml FEHT
KFR B A AN, BHABIRNES, FENENMAZEHK HCHO &
¥, FEasieE, FERIHENR, fHEREE SREREME 10~15CH . RA=AE R
BERE, EECM, BRerEn, SibndSi, LRNEARRDEER,
RN, BHRNE, FEARFERPRE, UEHKEERZH.
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Ja T B R R NORERAER, BREIETRHEERRTX, -6 -1
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Fig.6 - 1Heating—up curve
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Fig.6 - 1 Heating-up rate curve

ME 6-1. B 62 TLIEH, FHEMETFEAE, FHRERZMELRBAEE. BT
FoAb R B B FHEE B B 2R FEFFER Y 20~25min B — AN B, B E N A AEE
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BEHEHS. SERKEATUEN, BPELNRNREGEEEEPHE 75~100C.

6. 4 XTI EEN E

Jo T BeSE AT A S SR BRI I AR, B T R, B R4
VORGSO RS, 46 S /5 B 4K BB 5 R & KR, BRRE R S5 e w3
A-160 B, LEERFEEIEKER, BRAMEE, 7 7T RUWHE. Rt miae s
iofEes 8
6. 4. 1 (LR a2 BB KRR

0 TR (X BB e, AR AR BUE TE 90°C, HAR AT AR
A, BURREAGE R, I8 O RS K G Kt RE R AL R AR DL, R
6-1o

AR 6-1 BRfueE b BA MM 0 X %

Tab. 6-1 The relationship of sulfonated time and modified black liquor

i) it & wE FhE Wiz ResEtE

& / min WE/% /% /mPa-s # /d
HY20 72 67.44 1003 A 20
HY30 7.2 67.44 976 A+ 23
HY40 72 67.44 922 A+ 25
HY50 72 67.44 989 A 22
HY60 7.2 67.44 1026 A- 21

E:HY%%%&éﬁmﬁﬁuHmoh%w&&mﬁﬂ;HYﬁﬁ%ﬁﬁﬁmﬂﬂuHY
H BRI 50 45k HY BB P 60 434,

MK 6-1 PATLIEH, X BRERIARNFET, REERRERRAR, %
BRI BEAL B I AR R AR 2w . BEETRLI AR RBE R, SORKIRUHE 2
—EELBEY, KENEEK, BRBERARRKR, LE 6-3, ALELRNE
23 30~40min B, FIHEKERME LRI, Rtk BT RshtEfE sk Lha MiFscE,
PR BT — e MSE: REMTTE, St AR MAR AR R & 3~5 K,

58



KRBT AEBIBRLEFRRI

1100
» 1050
[o]
o 4
E ////
> 1000} ®
4 \B o
Q
["/]
S 950
£
o w
8 900}
Q.
o
850 1 1 1 1 1
10 20 30 40 50 60

sulfonated time /min

B 6-3 BEALRT I8 2 1R A 09 X R
Fig.6 - 3The relationship of sulfonated tim and apparent viscosity of slurry
6.4.2 MM BRSREF R BERIERR

AT #— ARSI BRI, BALERERL YRR 1 HY 40 RIB1ER
IR, XTUOREAHAT R SRR, BEHARNNS, K 6-2.

R 62, F 6-3 HH SIS BB RT BB RS S KRR R B . N
R LR B G B B S R R KRR B Ak b O R — s 3R, K
ERESERRRE RS, Rahtnie b St . RS E B P AR
ERHBIAEEER, BT RS RIS EEEIER, AIREKBER e b
RET & RIFNRREREZ, BARERERZRERLMHERMIIET, RREKN
W, MIfERRAEREAR, FBT TGN A

AR62BHEREREARELER

Tab. 6-2 The experiment of slurry on modified black liquor and coal
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RIRE T RFR LR EFNR L

HWE RMEBRE/ % KRE/% KE/mPa-s Bt Bt /d

itriged 12 63.8 902 B+ 9

-y g 12 63.8 907 B 8
EHE 12 63.8 837 A- 12
K 12 63.8 786 A n

A6 3HHATERE RBRAREHER

Tab. 6-3 The experiment of slurry on unmodified black liquor and coal

R SMEAE/ % KE/% KHE/mPa-s Wit REN/d

a9 1 12 63.8 924 B 1

Bt 12 63.8 925 B 7
Luapes 12 63.8 891 B+ 9

KIGIE 12 63.8 840 A- 7

6.4. 3 M MERERIRKRE

HT B G B B B MR AR AR S, FERERRMENKET, X
PR ) BB RAE R E AP IRAR, BN m TR INGEI T, RAFR R A0 5 inds 5
R BIEA TIRESROMEERE, BATTUZbR A S BRARE, ALK
Fitae, M& 640
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A 64 UMRBERRABLHTIRER

Tab.6—4 Test results of modified different samples

WE/% HE/mPa-s Hzt BEH/d

e AHEBEER/ %

67.4 922 A+ 25
R 7.2 68.8 981 A 22
70. 1 1026 B 16
71.3 1124 C 12
63.8 902 B+ 9
I 3 4% 12 65.2 964 B 11
66.7 1020 B- 11
68.1 1158 C 8
63.8 907 B 8
BEAk 12 65.2 934 B 12
66. 7 1001 B- 13
68. 1 1106 C+ 11
63.8 837 A- 12
T 12 65. 2 886 A- 12
66.7 997 B 15
68. 1 1029 B- 12
63.8 786 A 11
Kl g 12 65. 2 864 ' A 10
66.7 973 B 13
68.1 1020 B- 11

F6-4 PATLIFEH, JREFMEHR 12% 0, TEIRRERRERER BRI RE
REKE, TwRERER, TREEHRR, MEREIEA, LHERORWEE
2K, W 6-4. B 6-4. I HBEELRRKIRBOEAKFER, Hiishtt. et tieirsr
RIFORE, AOEHMRE. SEE, ARZWER TUATRIEM L, StEE
i) 2B R R KRR L O AT ZE VR B LR 2 M E A R
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Fig.6 - 4The relationship between concentration and apparent viscosity of coal slime slurry
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Fig.6 - 5The relationship between concentration and apparent viscosity of coal slurry
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6.5 KE/hg

(1) WEAFETE, X BIR P BARETRL S, BRI B R PE 75~
100°C; BEALESIE Y9 30~40min B, BEBHIERPERE RIFAIRNR. Kl EMIERERS
WA R E KRS, BRAMAE, RIS R R HREEEEA.

(2) i JE M AL B S R A AR S oh DU AR JR KRB & KR Y, ZEA R
RO RREH AL, TUMERERMRERR 2% ~3% Eh.

(3) B MERRIRE AR 70%, WA A - REHRRAE 20 KAL:
IR IR TR R 65.2%, WahtEA B, BEMRIFE 10 KU E: BAHERK
FRETNIE 66.7%, WahtEh B -, BEHRFEMNA LS ERERNBEIRERIX 66.7
%, WahtEh B, REMAIRIFE 15 REA: KEEIERE LA 66.7%, i
itk B, REMBARFEMALS 13
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FLtE 2RENEREHENITERE

7.1 4%

A SCRI RIS R HEO B S B LU R R SRR KK, o B BB AT e 2 )
BEBRREMEHERS KGR, TREMRANEE. ER T X8 L TEss LB E 5K fm
FhBRUR K S e & AR, Wi BB AR RRREEE, BR LR HBER
MR, BERUUER HBCEREERNESE, FIKAFASAFRARERE. AT
SRR BR P REEH R RI AL, R B S AR KR, BIRHAERE, 8
FERERBNSARENEM. B, AT ERRTORDENAEAEFNRIEEE
R, X RBEATEA S, AU RR SR S REATRIR, BRI, HEX
PRI /G BB S AR K. B LT 458

1. AT AP RN BRI S BAR, 1 Bl (LRSS REERFEAR)
i, BERMEREE 34%, WK ERBIEREEL 2 5 2¢ B (LEAHELHR
HRATRD H20%, WIEERARRS. HRE25ELRBOARES R, R2E
BERARERN AE-E.

2. HLEM 14 BREHRESIEKER, BTIERANBERY SRR, WA
YR, AR FE SRR R, SUERRERR, BERBHEK. BERE
EEADT 160 By, BEBEBREOBEEH, EEHLEREMREK R, SERE
BHAIER 7.2%, Bl BEIKERREE 67.44%; HIBKIKBR LGSR,
REMAEER AR E R AF 20 K, ASZHEANERE, RN pH MM HEK K BKERE
KHEIM . 755 T RE T AR = A8 bt SCHR A A 45 Y8 10 18 4 SRR R 28 KRR I 45 R
BZ, WERS I 6% 2, BEMHRE s K. BREBRESEBRENT 100
HA/NT 60 H, @i/ BRI HREGE, RS SRERBREK, TR —E il
fR o

3. KA RBAERSFEME T SRERE KRR, BRILEKMEE, . BEXER
W, PR ERAE SRS KRR TTE, Bl UGS R R ER i T P B
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T IE EHEMN, MK —, SETBR R AR BRI 87 A B = M,
BABHEE, 1# RBSRKINBERIEREMRT 2 # RBER IR .

4 AT PR RBREEAER, &/ T 7R R RS R % KR
Ko GRKIN, BBERGEAT B & A REFIRE . 2B INELEh 12%8,
5 RIFHIR BB R B R AR, RRIKBE TR 64%, RABRBEN, e
WAEYERFTE 10 REA

5. RBPRASBFMAOLERDREAR, hTH—FRARIS BT, SR
WIREEAER, X RBEATRLSAE, R KA RO SREI L5 ABER
B, WA SBAEM. Bt BB REMEREETERLER, BEAMR, R
BRFEMET, dlt R mtatetbira s, EAFRLCHRNITRT, o
DLAE B S5 R e B K R IR AR = 2% ~3 % A

6. BIARMITARY, BRATLEA SR KRR R mAA S, MUTAT
VAR IIFiilli ) % NIRRT T2 6217 PR S

1.2 R IERE

T REPESHNE, KR/ T U EERNREMNSR, EhTLAER
BRI B, AR A T LA ) B R B — 5 R R

1. ANEFE %R

T AE A R AR R, AR EERBERERIER-160 H, WIRHBRK MR
I iR SRR FE Tk 20 2 9V, BT K/ANBRLZ RIBORCEL, DU BIR0RL 2 (] 4F
FRERRR, (THIRMIARRIRE . WML, T HAREMER AR, AR
BRI, AWRPRERR RREE KR NIE,

2. HIRILZ

ARIRBA LR A RISy 59 B 5 K K I AR B T 2R R 3 AN R
IR T EI R MR R A BRI, THRARMEIRIE, SxHE&KER
ek, G HMENH T ZTHE, N TR TS0, RSN
5% Acd:

3. B

AT LLE B TR 59 BRI G R, RAHRR SRS RN ER, E8RSHEE MK
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RYERER, WAXHRRE, REHAOREERE.

4. Fiakbe KT

X B4 B K BT R ARG, WFUHE B BCRMARE ZH KR, B
YRR R IR RN, ERGERE L ZRER RS, MR 5 AT b
BB
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