R1/ N\

Amine (1)

R3

N,

THF +
water +
amine (1)

1/30

+ C02

+ Hzo

-CO,

+ COZ

-CO,

Figure 1

R2

@
NH

R1/ \R3

lonic salt (3)

©04cH

CO,

THF

water +
ionic salt (3)




2/30

\ OH
N OH n—"
N—" —
/ HO
N,N-(dimethylamino)ethanol ("DMAE") N-methyldiethanolamine ("MDEA")
s HO
N
\N—/—/_ h HO, N
/ N //_ T N\_on
N
HO
N,N,N',N'-tetramethyl-1,4-diamino- N,N,N',N'-tetrakis(2-
butane ("TMDAB") hydroxyethyl)ethylenediamine ("THEED")

/

NQ OH \N/
\NI T//)
/) N
\ IN\ \Nf
/N /

1-[bis-[3-(dimethylamino)]propyllamino]-2-

tetramine ("HMTETA")

Figure 2



3/30

PPM 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0

Figure 3

3 h
I A f
1 \ |
C J .l'll A II'L
I I I I I I I I [ I I I I I I I I
EPPrA 7.2 =l=] 5.4 E.0 C.& 2 4.2 4,2 40 3.5 2.2 28 2.4 z.0 1.6 1.2 0.2 0.«




4/30

PPM 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0

Figure 5

FPM .2 £.8 5.4 6.0 E6 E.2 4.8 4.4 40 26 3.2 &8 2.2 2.0 1.6 1.z og 0.4

Figure 6



5/30

Conductivity (mS cm-?)

Conductivity (mS cm)

A —o—DMAE

/./ —&— VIDEA
—@—THEED
/./ - Neat Water

0 50 100 150 200 250 300

Amount of CO, Bubbling (minutes)

Figure 7

=—¢—DMAE
== MDEA

| N —e ——THEED
M o

0 50 100 150 200 250 300 350 400
Amount of N, Bubbling (minutes)

Figure 8



% of Additive Protonated

% of Additive Protonated

100
90
80
70
60
50
40
30
20
10

100 N
90
&0
70
60
50
40
30
20
10

6/30

—h— —p— A —+—DMAE
—=—MDEA
—s—THEED

10 20 30 40 50 60 70
Amount of CO, Bubbling/min

Figure 9

—+—DMAE
—8—MDEA
=—4—THEED

50 100 150 200 250 300 350
Amount of N, Bubbling/min

Figure 10



Conductivity/mS cm™!

Conductivity/mS cm!

N
o

[any
(S}

[uny
o

(6]

10

7/30

10 20 30 40 50 60 70
Bubbling Time/min

Figure 11

20 40 60 80 100
Bubbling TIme/min

Figure 12



8/30

=

ﬁi&

u Wil in ‘| th

Figure 13



9/30

TMDAB * Clay > Suspension

Monitor Settling

+CO,
TMDAB > TMgSB o+ Clay > Suspension
2
Monitor Settling
+CO, +N,
TMDAB > TMggB * > TMDAB + Clay >| Suspension
2
Monitor Settling
Figure 14A
+CO: | suspension | * N,
TMDAB * Clay > Suspension > +pC02 > Suspension
Monitor Settling Monitor Settling Monitor Settling
Figure 14B
Filter
TMDAB * Clay Suspension > Filtrate + Solids

Monitor Settling
+ CO,

A 4

Filtrate + +
CcO,

A 4

Clay Suspension

Monitor Settling

Figure 14C



100%
75%
=
°
)]
T 50%
8
o
25%
0%
0 15 30 45 60 90 120
Time (minutes)
Bl Clay Fines
Figure 15A
100%
75%
<
=
3]
I 50%
8
o
» BlEEN
0 15 30 45 60 90 120
Time (min)
Bl Clay Fines O Clear Supernatant

Figure 15B



100%

75%

50%

Total Height

25%

0%

Time (minutes)

Bl Clay Fines
Figure 15C

1 mM TMDAB After COp After No

Figure 15D



Total Height

100%

75%

50%

25% 7

0%

12/30

15 30 45 60 a0 120

Time {minutes)

BClay Fines OClear Supernatant

Figure 16A

After COq After Nz

Figure 16B



13/30

100%
75%
50%
25%
0%

0 15 30 45 60 90 120

Total Height

Tlme (min)
B Clay fines B Turbid Supernatant
Figure 17A
100%
75%
£
>
D
T 50%
g
°
25%
0%
0 15 30 45 60 90 120
Time (min)

Bl Clay Fines B Turbid Supernatant



COy Blank

water

NH4COs3 + seawater

14/30
Figure 17B

Filtrate CO; Treated

Figure 17C

heat
—_— —_—
water -NHs
-CO2
NH4CO3

Figure 18

water




water

SW (on) + seawater

water

remove
seawater
—

15/30

water

Remove Concentrated

Seawater
\

l

SW (on)

SW (on) + seawater

Figure 19

water

SW(on)

Figure 20

Pressure

+

-CO2
—
heat water
& air
SW (off) -+ freshwater
heat
> SW(off)
-CO>
water




16/30

Mon-ionic form of Ioni form of
Switchable Water Switchable Water

Fiqure 21

Figure 22



17/30

Time (min)

- H H N N

75% —
-
£
20
Q
T 50% - —
8
=)

25%

0% - T T T T T
0 15 30 45 90 120 180
Time (min)
M Clay Fines Ll Clear Supernatant
Figure 23A

100% H H ] ]

75% —
)
=
.00
[T}
E 50% - —
8
2

25%

0% - T T T T T

0 15 30 45

90 120 180

M Clay Fines U Clear Supernatant

Figure 23B




Figure 24

Total Height

100%

75%

50%

25%

0%

0 20 50

80 125 170 16 h

Time (min)

B Clay Fines [ Clear Supernatant

Figure 25




Total Height

Total Height

19/30

1% I
5% I I I I I
0 20 50 IS 120 210

Time [min)

B Clay Fines Clear Supernatant

Figure 26A

1003
T5%
5003

25% I
ir

0 20 50 P 120 210

Timme (miin)

B Clay Fines Clear Supermnatant

Figure 26B

210

270



20/30

Figure 27



21/30

Total Height

100%

75%

50%

25%

0%

0 2 3 5 10 26

Time (min)

M Clay Fines [ Clear Supernatant

Figure 28A

Total Height

100%

75%

50%

25%

0%

0 2 3 5 10 26

Time (min)

M Clay Fines [ Clear Supernatant

Figure 28B




22/30

: ﬁ co’
Organic Solvent Airor N,
Alkene A
Aldehydes
Organic Solvent

Figure 29




23/30

Figure 30



24/30

100%

——— ¢ o 3
80% -
£ 60% ™
] S
[}
I [v) N
X 40% E ———
20% —0 Tg == Z
0% t
0 20 40 60 80 100 120
Time (min)
——100mM —E-10mM —A—1mM —O—Blank
Figure 31
140 -
@ESample 1
120 OSample 2
100 -
5 80 -
2
60 -
40 -
N N
0 — T T -__—| 1
0 0.01 0.1 1 10

[TMDAB] (mM)

Figure 32




25/30

5 min 10 min 15min  30min  45min  60min 120 min

Figure 33

Figure 34



26/30

Zeta potential (mV)
AW
o o

No treatment

CcOo2 1mM TMDAB 1 mM TMDAB +

COo2

-50
- <%= Sample 1 —f— Sample 2
-60 .y
Treatment condition
Figure 35
2200 .
== Sample 1 —f— Sample 2 4

1800

1400

particle size (d.nm)

1000

600

-
=
-
-

o~

A
-

/
-+

No treatment

CO2 1 mM TMDAB
Treatment condition

1 mM TMDAB +
C02

Figure 36




27/30

% Height

100%

80% -

60%

40%

20%

—A—25¢g —J—S.Og —13—7.5 g

\ e
-

T
-

—] — —
IR I B
0% ;
20 40 60 80 100 120
Time (min)
Figure 37

Supernatant Turbidity (NTU)

350

= =2 N N W

o
o

o OO O O,
o o O
1 1 1

(&)
o
1

o
1

o

mCO2 Blank
01 mM TMDAB

25¢g

5049
Kaolinite loading

759

Figure 38




28/30

100% My
75% -
=
T 50%
[} (0]
* ™
25%
2 — —2
0%
0 20 40 60 80 100 120
Time (min)

—O—pH=4.75,1=3mM (NaCl) —@—1mMTMDAB —A— pH=4.75, I=3mM (AS)

Figure 39

100% l‘m
75%

50% \O\\&\A\

]
w®
(]
: ﬁ
x
25% ~n \?
——————
0%
0 20 40 60 80 100 120

Time (min)

—0O—10 mM TMDAB —@— pH=5.95, 1=30mM (NaCl) —A— pH=5.95, I=30mM (AS)

Figure 40




600 -
||
_ 500 - P
=) //
g 400 1 p
s
£ 300 - /s
p= //
o)
£ 200 - S A
(= e A
100 - : DT e
0 . =0 . —0O
CO2 Blank 1 10
Corresponding [TMDAB]
— I - pH Adjusted ---A--- pH, | Adjusted (NaCl)
--</\--- pH, | Adjusted ((NH4)2504) —@— TMDAB (sample 1)

—O— TMDAB (sample 2)

Figure 41

Zeta potential (mV)

pH=4.25 pH=4.75, I=3mM pH=5.95, I=30mM

~

\\\
55 | == pH adjusted == pH and | adjusted

Treatment condition

Figure 42




30/30

Adhesion Force (nN)

2.5 25
= b

2.0 & Za0
8

1.5 S 1.5
LL

1.0 810
8

05 S 05

0.0 0.0

2 4 6 8 10 12 2 4 6 8 10
pH pH
—&Acid Tip —®—Phenyl Tip
Figure 43
WN/ NMEZ + H20 - WN%\NMBE GHCO:.l
'COE I
H
Figure 44
jnf H,O €O N ©
s + —_—
AN NMe, 2 T MI}J’@“‘NMBE HCO4

Figure 45

12



