CLEAN TECHNOLOGY, Vol. 19, No. 2, June 2013, pp. 140~147

HHOILAX| T | \

SIRSIR| 2 H7ISHS 0|88 S/MHIEM o LMO| 225N

(2013 19 119] 2% 2013 29 269 248 %4 2013 39 14¢] &)

>

Bitumen Emulsion Separation by Chemical Demulsification and Electrical Treatment

Sang Kyum Kim, Sung Min YoonT, Sang Hun LeeT, Wisup Bae*, and Young Woo Rhee*

Graduate School of Green Energy Technology, Chungnam National University
99 Dachak-ro, Yuseong-gu, Daejeon 305-764, Korea
TDepartment of Chemical Engineering, Chungnam National University
99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea
*Department of Energy and Mineral Resources Engineering, Sejong University
209 Neungdong-ro, Gwangjin-gu, Seoul 143-747, Korea

(Received for review January 11, 2013; Revision received February 26, 2013; Accepted March 14, 2013)

™

2 o

2 Ao M= FRatAet A7 o] &-ate] E/HFH A do A aatAl & 22 W o
M oEH e & 2 a8 S 7| 2AEE APt o, 7|2 Ao A= v
A(GS Caltex, Deluxe Gold V 7.5 W/30, Hyundai gear oil 85 W/140)& A&t 7| 2 A8

= S Ao o, AHE F-FIAE AHESl ot AT E 9 v Rl o B o A o] R A S X3
FH3HA Soll A= Wl 4Ht4=E(maleic anhydride) 2} e-7}F2= 2 gh(e-caprolactam)©] =2 &2 &S Hlom,
FEAl= 2-ol g 34 ok d #| o] E(2-ethylhexyl acrylate) &} oF = B AK(acrylic acid)o] & #2] A8
712AYES T dolXl AR v o R X84 FREA 2F, 84 T3 252 AEste] ofATE o H o] A
AT S AYstint. B3t ARG A7 o] 85t LU |7 (oiltreater)E A A|, AJ2FeLgl 0w A&t X
2} FRFIAIE AABE o B ] ElagS A

FHI0f : AL AN 2 dAlE, = w2

10 ol

S~

M o

1o

o

o

o o E 32

o £

K2 o oo
10 #x ok ox AN

Abstract : In this study, chemical demulsification and electrical treatment methods were investigated for improving the efficiency
of water separation from a water/bitumen emulsion. Two types of motor oils (GS Caltex, Deluxe Gold V 7.5 W/30 and, Hyundai gear
oil 85 W/140) were used as model oils in basic experiments to investigate the effects of a demulsifier on water/oil emulsion separation.
Chemical demulsifiers showing good water separation performance were then used in asphalt emulsion and bitumen emulsion sepa-
ration trials. Maleic anhydride and e-caprolactam were shown to be good oil soluble demulsifiers and 2-ethylhexyl acrylate and acrylic
acid were effective as water soluble demulsifiers. Based on the results obtained in basic experiments, these four demulsifiers were used
in further asphalt emulsion experiments. The oil soluble demulsifiers showed higher water separation efficiencies than the water so-
luble demulsifiers. To investigate the water separation efficiency using a combined chemical and electrical treatment method, the wa-
ter/bitumen emulsion was separated with the electrical oil treatment apparatus after a chemical demulsifier had been added to it.
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Table 1. Types of chemical demulsifier and properties

Name Molecular Molecular Specific
formula | weight (g/mol) | gravity
g-caprolactam | C¢HiNO 113.16 1.020
Hexylamine CeHisN 101.19 0.766
Oil | N N-dimethyl
soluble |  pcetamide C4sHoNO 87.12 0.940
Maleic
anhydride CsH,NO 98.06 1.48
Acrylic acid C3H40, 72.06 1.050
Butyl acrylate | C7H;,0, 128.17 0.890
Water | 2_ethyl hexyl
soluble acrylate C11H200; 184.28 0.887
Methyl 1 10, 100.12 0.944
methacrylate
M= ZRARAE S8 450l 52 Aoz 4l & 87t
A o] FHIAIE AMEsEH e AR RSl HhA 1 A&
Al

J(oil soluble) &F-31A| Q1 7|3 2 2} &} (caprolactam), 3|
Tl (hexylamine), T] W] g o}A| Eofulo] =(N,N-dimetylacetamide),
WY AHEE =5 (maleic anhydride)¥} 4>-8-4J(water soluble) 3+
ShA| el of = HAkacrylic acid), 52 o= H g o] E(butyl acry-
late), of| &3l Aol dd o] E(2-ethylhexylacrylate), W EF=ZH AL
| & (methyl methacrylate) 2 Table 17} Zro] ERF3lo] AFS
3y s eich

ol 713*.—;1%‘% H aeol 7MY =& reAlE Adst
o =22-g ofATE(AP-5, KS M 2201, ()& d-2hell
285+ Tﬂigg ottt A ARGE= ok
E(150 g)= 4225 C)ollA LAFAZ Yeptr] wizol &
280 TR koA 27 mb3 Bdsle] oludE WE T,
E29L dolFo] AEE 10 cP OJ3IE W¥E T 251 40
T2 FAANZIEA 71248 S 53l A5l 2 FHIAE
AEjslo] e AT 2 2A0R BRES SYidch

2 QATolA] ALGE MRS At SuelRol A A
=of 9Jsf AAME @ U= (Athabasca oilsand, Syncrude Canada
Ltd., Suncor Energy Inc.)& A}83}¢ith o] L AMEo|= H)
o] 10-15% E0] Qlof T 714 WS olgstel 22
sttt WA THF (tetrahydrofuran)2 L UMEE =2l o3
o|BA|E o] g3kl THFe] & olnt Zejul & SAU T
Z7|(N-N series, EYELA)E A}2-3}o] 80 Col|A THFZ A|A
sho] e uRY A,

djo

(¢}

22. ARSNE ol et o HH e E2

H Ao A= 2 1}7](Myung Sung Ultrasonic Co., MUS-
2080M)E AHE-3Fo] HE| LU} Z9] o HAS WSStk T
S0 oEAHL 85%2] HE 2300 mL)T} 15%2] E(53
mL)S 305 %9F 27,000~28,000 HzO] Fup=2 HU5H| 4
< s exA 225 FAXNAET T o FREAE

ool Yar ofdxde] &ds] Zeld wizbA] wf Aokt &

H\ Oil/demulsifier

Emulsion layer

Oil/Water
¢ Emulsion layer

Water/Oil
Emulsion layer

.
Vs Water/demulsifier

Emulsion layer

Figure 2. Definition of various emulsion layer.

EgE Zgsth R d2tel B8
0.4 mol/L)E WH3IA|AH &
U ol oHA

of upg} F&=(0.01~
gags S, FRHAE
A 4] o] & JHlE SAste] Blndd
Bl
ofgxol Eelas S-S Figure 20 Vrebfgict o
X*"] el ofsf Ze7h € o Flgure 29} o) 47)¢] =
BHagohy Aolste] BEa s =459t 7 9=
°ﬂ @ A}t FH3pA|7F 23t —Er | YERaL T el &
WE AEA F, B/ oEd &, B IRV £
o] vehdtt wheba Zo] HejE FiEe E/ed ofEA,
3 FAeA7E 23 Folil ReYase o

(D= AosATH11,12].

ol}lv

[
_VE

Mo
1>
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Vw : Original water volume
Vp : Demulsifier volume
Vs : Separated volume (water/demulsifier emulsion layer

volume + oil/water emulsion layer volume)
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Figure 3. Experimental set-up for water/oil separation.
Table 2. Experimental conditions in electric treatment method 3. 4101 EE
Variable Conditions 31 OB AL ol A Halsg A
o = =1 S IE=s or ALl = K= =
Temperature (T) 60 C A =FSME AtEet o =2==
. . olS 0|25 Ea|AlS
Residence time (t) 3.2 sec 3L EEQAUS 0|85 224
Voltage (V) 5kv Figure 4= 3143 Z=A(LVT, Brookfield) & AHg-3to] &
Current intensity (I) 2.5mA At mEed gl HEed oEde Hrs SA4ste] 1=

2 ekl glolth 57} F7kel whet BE o] Ywvt
ashe AFS Uehim, GszEls 09 oEd W Aol

dojdet. o3t IS ARXHA 2 oFAFE R Holil & LY i BFE 58 AR &2 ¢t L Y3 vlaste] A
Ao kel H32 b ek B AgelH viRue) m wrh Fv)ehe A% Heth g AR 2290 40 To
AFEAER 7)ol oY 85 W/40E AHESIYL, =2 13 5 A GSZHE A @ US o83 o FAY] A9 73 PG Hh7]
RS ASHIh E B Eol)S 1 om ($ 100 ml) 0] 2L o]§7 o W] F$ 288 PO HEES Uetyrh
2 AHBIT AL, AFAL 25, AR 5o 248 WalAA OFATE o dAT} HFU o EHe B eyl AHgE
hu A AAstel ofdRe] matel Bl Ae 27 HH| RS Ade] dstel GsuEls 2Ag A8l
& gropugle.
Aol A48 wE o ATt B U 12 L) THET]
3l %-237](Myung Sung Ultrasonic Co., MUS-2080M)<} 0 | —=— GS Caltex oil
APAE WIS ALE S 85%0) Bl o AT} 15%2] 2 wl —o Hyndsigearoil
S oF 10417k 59k 27.000~28,000 Hz®] Z3}4:2} 1,000 rpm 50 v WataHyund sear ol emutsion
= -1 ) yu g
o FUSH 4 the FA o] Yao] Y 2wg FAAA wl
Fo] chop WSE Fol AN Rel2de RE RS §,] \
stk Aol ALSE ARZAL Table 2] UePRE 5
AuAHY Helage 4 @of 71zt Azt wet B B ] '\'\,
welge ZAsHeThi3) 5 s . ™~
100- I\ \°\ \
V. 50—- — ¢ °
Separation efficiency (%)= V—S x100 Q) | .
' S

Vw : Original water volume Temperature ('C)

Vs : Separated water volume Figure 4. Effect of temperature on viscosity.



144 A71%, A)198 #1235, 2013 64

100
(‘.‘) = Hexylamine
¢ ¢ Dimethyl acetamide
80 - Caprolactam
g v Maleic anhydride
>
Q
§ 60
g .
% _V/'/_/—/’//'
_§ 40 = v
<
3
l’%‘ 204 - -
() -
Lh'“"‘\,
0]
T T T T T T T T T Tt T T T T 1

000 005 010 015 020 025 030 035 040 045

Demulsifier concentration (mol/L)

Separation efficiency (%)

100

90 ]
80
70
60 ]
50
a0
30
20
10

o]

1 (l)) = Methyl methacrylate

¢ 2-Ethylhexyl acrylate
Butyl acrylate
v Aaylicadd

* (3

— T — T T
000 005 010 015 020 025 030 035 040 045

Demulsifier concentration (mol/L)

Figure 5. Effect of demulsifier concentration on separation efficiency of water-in-GS Caltex motor oil emulsion.

o Z1zAIRE Aol

o} A9 717]
S 0.03~0.40E% = 0] Wejz AFS st} Figure
5(a)= 184 Ukogl_xﬂ% ol gato] oty o] Ly AL

< yepd TEfazolrt

S| Aot} o w| g opA Eofuto] = 9]
A 20% o|5te] Yo B Hages 24
9 32 FEo FHIAE AHESHAS
= BOA, FRIAY =7t SRS v 2
HHEES Bk 2% HEAEFESY] 49 02 mol/LY
52%9] 7MY H2 & EYass EYch

Figure 5(b)= =8/ FRHAIE ol&3te] F3HA9 s
Y S vehd 2Efzort £E ofagyo]EL] e HE
FEAA 10% wRte] B HEags ol 5/ g
A Al Fo| EE7t HA] (kS & 4 Adek g, HEr
AP et ogadotad o] B9 e, FRIHAS] 5
Tt g 52 EF £EasS LA dR3Ae] s
7} S7VERE EEago] frastth 55| wEeta g4 g
9] 7% 0.1 moL/L o]aoll A 7HY =2 He|a82l 20%E &
et At o] At o2 FRIAIE AAEHS o Hof W2

M
o
Ml
£ ol o o 2

100

90 - (a)
o 804 -
S = P —
> 70 . e —
) 1 4 ¥
2 60 "
l‘% | -
%5 504
= ]
.2 40
g
& 30 1 . .
9 0] B Hexylamine
. * * Dimethyl acetamide
10 4 e-Caprolactam
1 ¥ Maleic anhydride
0 T T T T T T T T T

000 005 010 015 020 025 030 035 040 045 050

Demulsifier concentration (mol/L)

2 HeEeS Btk 22 T 4 Yolck
Figure 5ol Q02 584 FA3AE Bol Aol

Q?J‘GP%E}-

Figure 62 A} 71012 & 2UAROR 15%e] o] 3
) o @A e Azste] G A5

& sropua. 4

9] 40 ColA] Z/HDL.Y o WA HEL 288 PG
o] FHEA Y FEE 0.03-04 BEER AHS

Figure 6(a)y= A|-&A F-F3AE AFESY] 5=

Heg

Separation efficiency (%)

»haw Jefzolct. AT LUE o] g 4

AlS

=
©91E ol g A Hlmdte] HlmA B B
4 9leleh. B3, sl Mol G,
¢ GSoAsl Aol e BE B ol 6%
=1
=

‘_]—1-1

HYasS B9, vy ol Eotujo]o] H
30% oJ3te] & HejagS Bk 11 F, stE R H$
= —E—aﬁ_ % El‘o:] l“—lc_)_ % —r'E'/]E‘g———

00
50
70-
50
50
40

30

4 Butyl acrylate
¥ Acrylic acid

B Methyl methacrylate
# 2-Ethylhexyl acrylate

0.00

T T T T T T T T T
005 010 015 020 025 030 035 040 045

Demulsifier concentration (mol/L)
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