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FE7IE 71t
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FAJo] : LYME, WEH, HYY, PF. A7He

Abstract : The controversy is becoming a hot issue after informed that the water release from
Canadian oil sands tailings may initiate within a few years. The surface—mined bitumen extraction in
open pit generates wastewater inevitably, which has been conveyed to store in tailings ponds.
Currently, the size of tailings pond is getting seriously larger. It is known that tailings treatment is very
difficult because the generation of MFT (mature fine tailings) layer is hardly processable. It would be
the key process to separate solids and liquid placed within MFT where fine particles are well
dispersed. In this paper, the surface-mined bitumen extraction process was first introduced, and
followed by presenting the components of tailings as well as the characteristics of MFT. In addition,
MFT process options were evaluated. It is expected that successful MFT treatments may be achieved
by dewatering process using effective polymer flocculants in near future.
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1. M B

ozl Al A< 7H4 ¥HEs2 ARAd
JRde] B2 F S 71X ot dHEzE, 959
VASE utre] @ AME(OIl sands) AN
o] Fo] Hgt. 2 e wiFE @
e ik R LR (syncrude) FEfZ
7HgEe] nl=e R fEHTH12]. LIMEE
At open pinell wiFH e}t eyt =%
BZE(ore)& AZFH & Clark hot water
A v|Edl(bitumen)e]gty &8+ 24
3laeght [3]. BAFgo] & HEU A2
A Aol e =7, ETE o]8str
A mEtgA ool SAste o]ggitt [1,2].
AA HEA gL AFFlo] Bito] Thsdt
UM F(in-situ) FAo] A ARSELL QUct Q1A
TS LYME w7 Zol7t T5m o)l X
of A¥(steam)S AREStY HIEHE {53AA
3lgot= WAlolw,  CSS
stimulation) 3743 SAGD (steam assisted
gravity drainage) 57g°] Wol &=4 Ut [2].
ook, eUMENA LAYEE F|got= B
Hof| tisiAe T2 zpzoA] Hol] ZS & Qlrt
[45]. 99, A=A FA(surface-mined
process) &2 HIEHS APatdt Aoz @2 &
o] AH|EH, FHo AH8H =2 HYED AFTS
4 (tailings pond)= HUZIch of7]A, HLPo]
g= &0l FE A FHANA =95 ASSH=
fololm, HEM AQ=FdA FHANAE 22 2]
2 ARRE=H 459 HaE gl drh
T3S tailings pond HEE HYHE dxRSaE
o 4 AR, O 27w Z7]] o] =&
A HYE T2 B30 dFtder,
o] HIREHE Astr] flsiAle of 4uiE 9
20| astH, AEEIA 4] =4 oF 3
WS ThA] HIEdl Aate] AeghE o] AMgHTH
I dHA AoH6-8]. AedE= B ol @
A9k, o[ds] Hdgon w2 AL B
2 =o] HopHt}, o]yl 2UME HYAH= =
g, HES T2 BIE, vt ote gF HE
W gE, HEW SaFAol AREAY dhzEr
T2 w80, I=ja AigAelA et

Tl AH(naphthenic acid) 5°] Egt=o] It}
[9,10]. Hgl Hio ofstd, 2022dZ A =Y
o] H4 Frrt oF 1.7 tillion 2lHE EA
tH11]. &<t A =EGAD g HY" 132

— o oXx of
40 rlo Az o
b 2 o o i H

A

(cyclic  steam
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o] 7t Aot 27 A= AR, H
dge AFst e Hldyke) o] MY Sol

A% wAEeR AAEA olofl, Nyt AF
(Alberta Energy Regulator)ollA& 20259 %&F

7l "HdHol AdE H5E HeAdE AA
ol oleputAZE}(Athabasca River) o2 ®H-Ra+
o|Aolgtal sHETH12]. ©o]2 sl 2022d9=
FFRITAAE FHoE BHR7IFIT AR,
AES TN IA HEE AAR, HY™
Ay PHEL oln] QYgME it 2FU|RH
oeket sl AMEIT BrEAAT, 4
of AX ALEZ] Zotal HYE A5zl B
A= e Agteltt [6,12]. S uvEteE B
7b gt & & QiAo HYE 7RO o4
Wietar, Ee A /g SHESEE x4
QA Aol A FAAQ] T2 ufe =k

2 FFATIAE, HYD Aot @aste
A FEo=2 o] AElstaitt. WA, HYPo]
A= QA HEd BA FHo dishA
AmBEgitt ol Fof, HlgH] x3tH E¥

AFaFUollA E2olE o=z Q7T o+
St AEIE gAY = MFT(mature fine
tailing) A7 HH F SHAE o8 1FEH
1 22 2dste HEE disiA A ESIT
Al AR E @A APF) B2 SJAE F
HoR 23T AA"E A9 el oA
T AmHEST

HERE BAgro] A3 HAol WS B w
sh4dvt ARl HERIo) ofAErdloleh
nelgol gaTaet 3 Ak 5 @

N

Stal ot 53], FeAFelA AdtEE A/
9] of2mdlvE v=A, BlFHe] Eetd of~
gelo] A2 o & Aoz HiH|E 519
TH13,14]. ede At 42 edd=9 A
AEzof| et WA A Fof, A& 7}
7ho] REEC] e Af, AXEHS Hollia A
=ohe % A= Aol 7hssiH, 24
E7F AmyolA ol miRE A& A-fole
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Fig. 1. Conceptual diagram of two different bitumen recoveries processed in in—situ

recoveries and surface mining process.
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Fig. 2. Overall schematic diagram for bitumen
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extraction in surface—mined process.

AEE g8e 95 Wye] AAFer {Eg = FES 12(70°0)9 23 7MJATHNaOH)
Zolth. Fig. lolA& HIFEHS 3|4 2] tisf of EgEo], AR FE RS FTh
A Aoz w@sICHLI. o] F4& Frotholzta afw|, H]E™o] A-LofA
250 HEHe] A 9 I 5T = Aol wie =710l §A4 E4S vl
T o ol AiEIQow, Y ERXE 1 23FoR APt HRA] HFS %ﬂr HAF
S, FFole JINFE Tl Bold Aow & 19 gl /AW, o]Xe] Yuet £ e
ZidiHet 2022 7jEoR, eAdMERRE A Qlit Zre HlFo] ¥ mEtylA §uiE TS
WEE 259 e sl 3T MEL W, Sulel T HEHo] ASR2 olEai]
Y1 9lt}. Fig. 201 Hot Water 23S 74 gitHog EoA REHTH45] & EFE 2
oz vl [2,3]. BlFWHo] 23tHE dM AHEES HIFo] EH A7)0 Frothe] 45
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2.1.2. MFT 3743 vz &4

HIEd 23404 TS "Gl o
2t 1P EHT frl=Ee] EAEY Utk WA, 1
FEAZRE AP Adde=z & A
(coarse sand)e] 11, AHAHTH= 22 AAE0]
e, A AYstaR, 44 mro|aEHTE 2
A% ngAH(fine) 2 FEITH6-8]. HlHEA o=
o wmjgztel JAE ugRR L2 5 Utk
nef ojFx ARoE quartz 52 feldspar7t QL
o, HME n|gxt ARE kaolinite, illite, and
smectite?t E2 FJEE°] ATH15]. olgtel, |
A= /718 v"EATE sk, ofATHl
I oiebdA gaiEe] 23kd 4 vk A=
27| HLdgk2 FHUH=E = 134t
50:50 =Fo2 ZA=o] Qlt. 50%2] 1y A
F9] oF 80% (HEH9 <F 40%)= AA7F tha
am, oF 20% (ElE"Y o 10%)= HEAE +
d=e] QITHI15]. Fig. 3= HIYEHE QT2
it i E YepSITHL6]. HYHFe] g%
9] E(dyke)22 o]Fste] 7ol #7h
FetHA, Y7t F 1PES wWE JAH
207l A a2 FAA L, YA A
HAdg AF3e4a olFditt &, HYH <
Fole TS, B3ea nd4E, A
A AEEA] 2 okttt rgatsEe] 2ol
g & ot "H4Y® d3ss Wolle Algte] 5
ol w2, 13E4d F AME= Aot s
2] 9a Z=2olE AR fAok= EEEE
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ol zH16]. Aol HE fdl, HLh AT
S5Uo] QA4 TR FESHY offf2 R
B L1, 12, L3, 183 L48 HoJstgct. A,
SHERQl Ligoe SRt HFo| & A 4=
AAA 717t 44 mpolaE o)Ak mefrt A
A Solztal & 4 ity 927t @Ailo] QL
HES [2510d], F20|E Aez EitEo]
= oty x7] u|gA= WigF FEeR
%olH, o] F 16%7t AEARCE dujx 3L
7P we HEABoZE Lkaoliniteo]th.
T, e 24 1@dEHo] 30-35% 7R F
7HEA oA s] st AElE fAlsk=T, ol&
MFT(mature fine tailings)o|2t= gol2 H=71
AtH6,15]. HIEE Ao, tiiEe] il
MFTe] g434¢ JF=1 ok B, g5
Ae  Sol 1FEEY mEAHJ I
(consolidation)+= ®j-¢ FQ35tc}H11]. L3Ee
2 EE o|Fo] I Foln AT AHgHLL
L4Zoll= HEH 3|4of ARgE ntepdA w4
A7 $F2 =ro] FEi= ot

$0, rlr i &

45

e

Tailings \
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Fig. 3. Conceptual diagram of oil sands
tailings pond.
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Aol Bajrt g&&olx] Kot g4
Holz] Zgt Ao HUSYTE ofgtol L,
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uPaso] EE7|o] HA HEH F&
BE&S dojmdgy A¥stal glek. MFT9] m
H2 AAE g Y 5 1PE] FHe /&
sh= Zo] ofd 92 EAlke BAgHS ARgst
L ALE AtH15]. ol A AAEIE, uld
2t F B2 &9 kaolinite®} T2 HE H|YzAe=

A Agste] Swelz AsA std, of
A9 MYAS SN Belsthar, ol
Ao ErhA Befots File] Zhsslol, o

w2 gz 27t 7HeE AoR odEd B
Ao = 43 oftlRE Al8sSte WHo] B
o] Qlct. ofgle] FH ot HAE A8}
A(coagulation)ste] HFAdoz BHS sAs}o]
FH 92 BN 7= dToltt o] HiRo] AR
= SRS Fig. 49 AASHE

olo
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0
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Fig. 4. Chemical structures of amines applied
to coagulate with tailing fines and
float; (a) dodecylpyridinium chloride
(DPC), (b) benzyldimethyldodecyla—
mmonium chloride (BDDA), and (c)
ether diamines.
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2 Fig. 59 AAStATE PAM2 dRbHQl w4
Aol o] A= Edoltt. Idd), HYH
Aol AbgslE PAM2 F2 A" dert
wol HiE1 Qled, BApege] zfojet o2 7]
8S 2 1RO copolymer A& 50|
ztojdolat g 4= Quot6-8]. Hra gAY
g, 3EA4S =oI7] Sl ARAde] 9 F
el AEATE fEE Aotk olo fAde]
715l copolymer 5& ©]&% IEAE SHA
2 A 4 St oA g7k e,
1R -SHA Y] BeE7e we ot A&
Al BUHPT MEHAEE o Age &
A Abgstofop & ZlolrH{11].
gegAgorg dAE MFTY 1A-oy 2
g2 A EAT E=F EA
ARH 3oty EAL 1EA $3A 9
, MFTSo] £4te Z=2o]t njgzte] ud

v
r

o O orle Xoxe @ o> 2

I,
o |o
fru

1o
o

ull i i 19, ofd
4> o o Qb o

. W40] pH, )3 w4 olLRE Sof
24| YFe Zr}. vhE, By S4o=



6 2734 Journal of the Korean Applied Science and Technology

e

\ N AN

H,N o) HoN O Na
a
/li/ CHZ\ %CHZ i CH2;|\
cH™ -, T{ m
+
N
H,N o HC  CHg

(0)
Fig. 5. Chemical structures of (a) polyacrylamide (non-ionic), (b) anonic polycrylamide, and
(¢) cationic polyacrylamide—polydiallyldimethylammonium chloride (DADMAC).

+ MFTE #45h ot 1984 & ngx

9l A7), &%, shear 84, 1 EA A9 B Performance

ol #esAe dFe ool 7P 2 AdTS

hske, nEA SRAY Fe sgoio] A Cost effective Scale-up

&, 271840 ¥k ARE &3 FH, 4

=29 727], SHE 1FE9 W, 1FE9 A Flzgngaer:ts Multi-functional

% 1PE9] &4 (dewaterability), 18|11 119 Decomposition

£0] =8 (compressibility) 5°] MFTo] &4 with Coagulants

T FFE F= ad=olth dRtHos Hl= Biodegradable

4 A2 SRAS} Hwste], o]24 EAe] e dor

B e 4R Al RSl 285t

o B 2 Q78] B gAML, & Fig. 6. Considerations when polymer

ZfeFo] 242 n|PAEa A Fadoln, o flocculants were evaluated.

Hogy #8Ae Aol AX. wref, A

T8N0 HAdo] =& AY, LEAEY £HAY IR SHAY 1Y ARFES acfsto], of

oz O]OH ulgzete] Ago] oE& 4 ok Z| Fig. 6o &SIt WA, 1EAF SHA 4
2358, EHILS MFT S=20|lE IXE H% ol 7P 58% e &3 Aozt & &+

OWWP‘ 7Fsde ity O™, EHIYS Ark &, 72 MFTS] 2943748 aitze

oty ASet £t HHOo=® B shears 2 YA 4 Slofof gt} EgE AYA =

AR A, AR 1¥E SAAE %ﬁﬂ*]ﬁ o] Adsol AAl FRe HAHANE Iz A

THA] 22 S99 =& ok ok &S = IR 4 lofof qith UMl HUH

WEEEE] 9] shear W7 FHS ALk, _hx}ak 2 Q7R Bt g2 AR glglon, A¥A

o] Ze NEA SHAAE AMESIE o] {85} oflxo] deitgE AAl F4lA dee ERIsHA

of. whebA], 20T SftA| Al v A 76‘~°r7} wohal I3 A Qi olde:, A

29
& shear Ago] @ Aol nRA SAALL A G4 Aol
BT i A
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€ ot 2o a2 AxvE AE £ e ol Wi w2 IS & Aem oAA{H.
o, 58S 7 'R Alx, SAAY A 2zl et EE HepdolAq dojd 9 &
o< Estke LA Az, deol 8 ¥/ ¥ ARAL[19]€F Mount Polley®] #& ARL[201E
o124 715718 7K LEA Ax Fol $3 = 7 AUrh ER HLHO e PRetls st
A NER dEo] St & 4 ok 2R A9, FR7F ted AR 2EEd FhE
=49 oot oA v, e SA A w@5o] R Aoplel, & 2Ale o F
o] A&Hor HIEL Qlrt. Fig. Tolle s st k. ot A= RS 710l nhRiE o
of felt a7t 2td SHAL A= WA g2 AHelt. Az, ¥RT & e =+
7| E4H(chitosan)o] ZeH SHA| FH O] ek 2 71%ol AW, 1 7EE o] WRshe
ZAS YER AH6]. AL LIAME JA M= BFs] Heloh
a-d], 20099%e] AAE HAZE JE {FE

Ateoll AREEIE, frebAle] ABEA 9% At

3. Znt U 2119} FAFSHAl L&A S3Al tet 9

of disiA d=7t 7 Hlt22]. olet teel,

et gHERFe] 9218 e IME HdY < Hagol 2d=de et F 29de v
FE40 A7 A4E AL k. 1 FRE glike] oigh el Aok & 4 glek Scott et
Agstr] offhckn Wkt Auch gRet 443 al. [23]°f ostd, HdFWel WxE Zsi7t
AEe 20259 Zut HlU=o WRE oyt FhHor a8l ymElite] Hlste] AES|7t
ATH12]. AHFREH oPsE Hexdo ¢ 27 APt &, HLYG GRS et
ARSE 9o, B2 APHIAEL HUYo of &2 ¢ WA 5&EIL FAEofoF & A
el Bolsiis Qtolch @A, AMQA, AR, olt}. Fig.8olH= HUxeiitor ZRH 3oHe4
gl A4 Fol dAE Canada’s Oil Sands < A 2 A7 S8 2E=2 ARFUE

o
1
1
I

Innovation Alliance(COSIA)2H= @3]& 20129 S E S AS YR ITH24].

395E Hdy Az s =Hsta 9k A O, LIHE FEFHAA e IEAE
Sxom thofdt Aol WYHT, dejet of & EAYE A3, Felk o LY AoR o4
Sl AR FRoA gokst TEA 214 Hey @A, Hdhd AHHE AT 2L Fol
7jdro] APE|QITH6,7]. Iejgolx st o} Kemira Oyj 247} =ol WrH25]. B 34}
A7 TR s 2AE AlASEA] Fstal gl Ak, Auer guferellA nEAp BEo] it
@A, COSIA ElojAofl= A= AAHA 4 7FsRt Aotk HIYY dFas @Al ALE
StEETH oA AgE dolFar oisl. o] gFote], MERI BUHPS AAeR 7
A, HILHY FRE 2T dFeld=, FHZel EofA 29 Tl Aok A 71571E 7K, A
U B Aele] BUY BHARE B oy P TEA Y 2RA, PIsH0] 28 5

CH,OH CH,-OH
o o)
OH OH O/
clr
H,N
2 o CH, HN/Y\N>CH3
I\
NH, HO Hy,C CHj

(a) (b)
Fig. 7. Chemical structures of (a) Chitosan—g— PAM (polyacrylamide) and (b) Chitosan—-g—CTA
(3—chloro—2- hydoxypropyl trimethyl ammonium chloride).
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o} OH e}
(0]
| oH
HsC OH
(a) (b) (©

Fig. 8. Chemical structures of representative model naphthenic acids; (a) decanoic acid,

(b) 1-naphthonic acid, and (¢) cyclohexane carboxylic acid.

oo nEA A HE HsAE A=

Qlek. @AVIA, nEA SHAS A T
Hol 1YY Aol WS Fad Hro=
94 glon, ofd Z15717t A%E 2EFY
w2t A Aol jS Fasiekn oiA 7,

4. &

rhu

T Be dpof| ostd, iyttt drEERe
AAT .GHE HAG QFTpol AgE dH
o] wFR7F 20259 Zyte] Algd ZHolgt gt
A, el oigt e odoe] digsial Stk
FE 5k 4 AT HRe 7192,
A71EE AR 1 7% 25 FAYE 5
2t RV 7FeE AL ZIdistar Stk wEH, o
FE SHficks dFelAe +2715S @4 =9
Hot o ZE7|E dst itk ks, A
AsHA A=A g2 Ho WRe FH A
A ol QI A9 FHES] EAd & EAE
o7& & Q7] wiEoltt, YME siho] Azk
H old=z, AW HidD Aol digh opdit
HEo] AZHATh g, F3 e
Ag AHle gl @HEAE, HY" 32
oA EFRo|E AHIE fASt = MFT
(mature fine tailings)®] 2|7} A4 Afeto|ct,
MFTol= nlg2t 27]= 44 mpo]3E olsiel =
et HE AES 21 glon, ofd 1y ny
b MFT F%dY] 30-35%°1 sigsict. 19
2 ojgzte] Bale MFT AHgoA 7V a5t
ot 1= nEAe] 25 A% YHeRE, 11
22 SAAE Agste] 1y nEAE SHATI
2, =Y A, 29 A=Y 'A<
gagAgor Ao ot olEd A 1y
|4, 182 SH8Ae] JHdo] 7 Fastth &

=2

FEFHE ANHT, ol Bol HYLY 2

54 o] JEES AAstAT. 53], MFTS]

27t B9y Ao FANA PE Fastol, o
&

% e
Qg AES B4 SHA ] ALe B
q9d HHst vk

sf2ct.
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