WO 2015/003175 PCT/US2014/045494

1/31

FIG. 1



WO 2015/003175 PCT/US2014/045494

2/31

MAH 852013 311
118 survivars

FIG. 2



WO 2015/003175

SPHERICITY

0.9

0.7

0.5

0.3

3/31

PCT/US2014/045494

f ¢ 0 @

S K B B
20 8 @ @
SN BN W
809 @®

ROUNDNESS

FIG. 3



PCT/US2014/045494

WO 2015/003175

4/31

¥ 'Old
\mmv \vmv
olwerR) SH — — — oweRd ds| —-- —
\mmv \va \Bv \omv
JIWBIRD M —--— | SOY ==== |LemeyQ +----- | 9jdwex3]
Isd ‘ainso|)
: csy : LSY :
ccp ~ 000°GL \ 000°0L / 000‘G
N _ _ 0
/I.”ﬂ“'. [ - Feell N ' md
\".. —_— | — ."'."' .lh ........... OOO.N
¥Gh \ B i e T W
— =S, ST 000% §
Gcv e R =
V/ NS~ ‘ <
— — 0009 =
: <
0S¥ T~ ~ o
00001 M
000zt




PCT/US2014/045494

WO 2015/003175

5/31

G Ol

=

Y ‘yibua-jleH ainoeld

000°L 006 008 00L 009 00s 0[0) % 00¢ 00¢ 001
A
W €0g
T /
k5 [
o AEmco._.:mI aimoel4 paddolid > >
10S =3
o
Nom\<
%LEC 080°LVL'C Gel 0GY %08 Z 9dwex3
%€L GOE'660°| 801 09¢ %0¢C Z 9|dwex3
ZL1'9€9 06 09¢ [BUOUSAUOD
asealdu| 9, | easy paddolig Hd H4d asealdu| %,

Answoer) auo) e Buiwnssy ealy paddoid

00G

/

000°000°S

000°000°0}
000°000°S L
000°000°02

000°000°G2

<Y ‘ealy paddo.id



WO 2015/003175

600
N

601

602a

PCT/US2014/045494

6/31

10-YR Production Improvement

|
603a 604a 605

160%
140%
120%
100%
80%
60%
40%
20%
0%

702V/ /700

/ * 701

/. /

/S, --- DCR

/2701 — IP&DCR

”
// g \ 702

0% 5% 10% 15% 20% 25%
Percent Increase in IP & DCR, DCR

FIG. 7



WO 2015/003175 PCT/US2014/045494

7/31
,/800
805
806
804 y~
,—814
|
() () () O
808~ 803
809 \ \
A
PN = 211\ \ 210
oo OJOXYO
813
| \ N\ AN \

812

FIG. 8



WO 2015/003175

8/31

)
o
for)
S
o 8 &
S =
CD\\ o))
©
o
>
o
=)
ov\
©
8 I
=
ov\
™
S S
N m
o
bo3)
—
o

(o)

PCT/US2014/045494

@©
909

FIG. 9



WO 2015/003175

PCT/US2014/045494

9/31
?Hs cle3 c|:|4|3 ?H3
CHs—?i—O—-Sli—O Sli—O——Sli—CH3
CH, |H CH, | CH,
- X Y
FIG. 10
?Hs _C|3H3 11 c|:|4|3 ?H3
CHs—?i—O--Sli—O Sli—O——Sli—CH3
CH, |C CH, | CH,
L. L _
C % Y
FIG. 11
cH, [cH, |[ cH, | cH,
] | 7 C
74
//C—?i—O--Sli—O Sli—O——Sli—C
C och, C. CH, | CH,
N L _
C % Y
FIG. 12
?Hs cle3 c|:|4|3 ?H3
H—?i—O--Sli—O Sli—O——Sli—H
CH, |C CH, | CH,
L L _
C % Y



WO 2015/003175

PCT/US2014/045494

10/31
cH. [cH. || cH. | cH
I T IR 3/c=c
/C—?i—O—-Sli—O Sli—O——Sli—C
C=C CH, |CH, CH, | CH,
B X Y
FIG. 14
cH, [cH, |[ cH, | cH,
] | e
74
c-si—odsi—odlsi—odsi-c
Vs | | | |
C CH, |CH, CH, | CH,
B X Y
FIG. 15
?Hs _cles i _cles ?H3
HO—?i—O—-Sli—O Sli—O——Sli—OH
CH, |CH, CH, | CH,
- X Y
FIG. 16
o fon |9 ] o
H—?i—O--Sli—O Sli—O——Sli—H
CH, | CH, CH, | CH,
B X Y



WO 2015/003175

11/31
CH, | CHy I cH, | oH
HO—?i—O-—Sli—O Sli—O——Sli—OH
CH; | ,C CH, | CH,
C
Y
FIG. 18
o[ g | o | on
@—?i-onsii—o Sli—O——Sli—@
CH3 CH3 CH3 CH3
B B %
FIG. 19
?H3 cle3 c|:|4|3 cle3
CHs—?i—O—-Sli—O Sli—O--Sli_@
CH; | CHy CH, | CH,
B X Y
FIG. 20
e [on |[@ 7 on.
CHs—?i—O—-Sli—O Sli—O——Sli—CH3
CH, CH; @ CH,
B B %

PCT/US2014/045494



WO 2015/003175

P
C-Si-01Si
7 |
CH,
CH,

HO—?i—O—-Si—O

CH,

CH,

H-Si-0Si

CH,

CH,

CH,— Si—O4si

CH,

PCT/US2014/045494

CH, CH,
I I I //C
Sll—O Sli—O——Sli—C
CH, @ CH,
X Y
FIG. 22
CH, E:j CH,

Si-O—+Si-0H

CH, @ CH,
X Y
FIG. 23
o |[@ ] 5
?-o ?-onﬁhﬂ
CH, E:] CH,
X %
FIG. 24
R AR B
?pw) ?—O——ﬁ—CHs
C\C | CH, _ CH,
©
FIG. 25



WO 2015/003175

PCT/US2014/045494

13/31
Z |
~si7T s —H
O O
NS
F S
FIG. 29
\/S|/O\Si—H
O O
H— Si_ Si___
o~
L/
FIG. 30
\. @) \ o
\/S|/ \SI\—-—H \/S|’ \S{——H
O @) O\ O
H__\Si\o/s(\ __Si\O/Si/\H
/ | / \
FIG. 31 FIG. 32



WO 2015/003175

14/31

C— Si — CH,
Y
o I
H
FIG. 33
|
(o) S ~0)
H
FIG. 34

CH, CH, CH,

CHy-Si-01Si-O—++ Si-04
CH, |C CH,

PCT/US2014/045494

CH,

—Sli —CH,

CH,



WO 2015/003175 PCT/US2014/045494

15/31
cH, [cH, |[ cH, | cH,
| | | e
4
//C—?i—o--sli—o Sli—O——Sli—C
c CH, CH, CH, CH,
B X %
any one or more of
the four silanes of Figs. 24-27
R CH, |cCH, CH, | cH, R |

I I I I I I
——?i—— C—C—?i—O--Sli—O Sli—O——Sli—C—C __SII —+
R CH, CH, CH, CH, R
z' X Y Z
where R in Z and Z' is based in the
silanes of Figs. 24-27

FIG. 38

?H3 C|3H3 C|3H3 ?H3
HO—?i—O—-Si—O Si—O——Sli—OH

| |
CH, CH, CH, CH,

X Y

any one or more of
the four silanes of Figs. 24-27

i B e 0 e R T B
——?i——O—?i—O--Sli—O Sli—O——Sli—O——Sli——
R CH, CH, CH, CH, R
4 - X Y% Z
where Rin Z and Z’ is based on the
silanes of Figs. 24-27

FIG. 39




WO 2015/003175 PCT/US2014/045494

16/31

?H3 ?H3 C|3H3 ?H3

H—?i—O—-Sli—O Sli—O——Sli—H
CH, CH, CH, CH,

X Y

any one or more of

the four silanes of Figs. 24-27
(preferably a dilute addition

to address/mitigate steric issues)

Tl e e ] e [ 6
——?i——O—?i—O--Sli—O Sli—O——Sli—O——Sli——
R CH, CH, CH, CH, R
z' X % - Z
where R in Z and Z' is based on the
silanes of Figs. 24-27

FIG. 40

O
A SN ~ i~ " >si—R,
o 5 C— Si— CH, / \
\ ‘. / | O\ /O
P L



WO 2015/003175 PCT/US2014/045494

17/31

R, R,
FIG. 43
C C
I I
—si—cC — Si —H
I I
C C
FIG. 43A FIG. 43B
] ]
C
— Si — OH —si—c
I I
C C

FIG. 43C FIG. 43D



WO 2015/003175 PCT/US2014/045494

18/31
cC—C CcC—C cC—C
\ / /
O O O
I I I
O—Si—0—F+Si—0—F+Si — O
] | | S
R N N |
C C—C cC—C c—c C
(TES)

FIG. 44



PCT/US2014/045494

WO 2015/003175
19/31
| RI | i RI | i RI ]

I I I
Si—0—Si--ft-+0—Si--}+-4+0—Si--}-si
End 1 | | | End 2
R, R, R,

AI A2 An
FIG. 45
CH, CH,
I I
C—C—0—Si —0—C—C C—C—0—Si —0—C—C
/
O—C—C
FIG. 46 FIG. 47
CH, CH,

I I
C—C—0—si —0—C—C C—C—0—Ssi —0—C—C

| <

H
FIG. 48 FIG. 49
CH, CH,
| |
CH,— Si —0—C—C C—C—O0—Si —0—C—C
|
< CH,

FIG. 50 FIG. 51



WO 2015/003175 PCT/US2014/045494

20/31

| /
CH,— Si — 0—C—C C—C—0—Si —0—C—C
I
© :
O—C—C T
C—C—0—Si —0—C—C C—C—0—Si —0—C—C

© :

FIG. 54 I
CH,
CH, FIG. 55
I
C—C—0—Si—0—C—C
I
0 CH,
| I
CH,— Si —CH, CH;— Si —CH,
I
CH, O—C—C
FIG. 56 FIG. 57
@ CH,
I
C—C—0—Si —0—C—=C H— Si —0—C—C

I
©

FIG. 58 FIG. 59



WO 2015/003175

21/31
Cl
I
Cl— Si —CI
I
Cl silicon tetrachloride
tetrachlorosilane
M
FIG. 60A
Cl
I
Cl—Si —H
I
Cl trichlorosilane
H,
FIG. 60B
H
I
Cl — Si —CH,
I
Cl
IVI1
FIG. 60C

PCT/US2014/045494
CH,
I
Cl— Si —Cl
I
CH,4
M,
FIG. 60D
CH,
I
CH,— Si — Cl
I
CH,
M;
FIG. 60E
H
I
Cl— Si —Cl
I
CH,4
IVII H1

FIG. 60F



WO 2015/003175 PCT/US2014/045494

6117
[

\\
6113 6107a
-
e
[~
6102
Ve
6114
6119
g
\—16118
6115
I
6116

FIG. 61



WO 2015/003175

PCT/US2014/045494

23/31

6221b

0

6204b 6203
6204d, 0, 62043
6204e N
N 6210a
&4';@:\*%/ 6204f
o~ v‘\" 62049
\ 6204h
6204] 6222a 6204i 6221a
6220a



WO 2015/003175

24/31

2500

2000

~ 6302

1500 -

PCT/US2014/045494

6301

= = =Conventional
Proppants -
production Mcf/day

1000 .

500 <

-
—~—
-~---—-

0 .
1 6

Months

FIG. 63

12 18 24 30 36 42 46 54 60

PsDC - Proppants -
production Mcf/day

6302



WO 2015/003175 PCT/US2014/045494

25/31

4K Crush Material retained on pan

FIG. 64



WO 2015/003175 PCT/US2014/045494

26/31

5K Crush Material retained on pan

FIG. 65



WO 2015/003175 PCT/US2014/045494

27/31
14,000 13.000
. )
12,000 / *"12.000
¢ HSCeramic
10,000 .
i - ’
= o / 8,000 lISCeramlc.
5 8,000 77606 P alLWCeramic
6,000 / S Y6000 vWhite Sand
&
4,000 kd eExample 2
2,000
1 1.5 2 2.5 3 3.5 4
Specific Gravity
FIG. 66
60.00
> 52.40
S 50.00 4640
|—
w 40.00
o 34.80 33.80 3230
&‘5 30.00
£ 10.00
2]
0.00 - - . .
HSP ISP LWP Sand RCS
Ceramic Ceramic Ceramic Example 2
3.56 3.27 2.70 2.65 2.58

FIG. 67



WO 2015/003175 PCT/US2014/045494

28/31

Proppant Mesh Size Distribution Curve

0.50
0.45 s
0.40
0.35
0.30

ity

0.20
0.15

0.10
/_\
0.05 -

/ \ \
0.00 . — -

15 20 25 30 35 40 45
Mesh Size

Probability Dens

o
N
(&)

---PsDC Proppant ——General 20/40 LWC

FIG. 68



WO 2015/003175 PCT/US2014/045494

29/31

40X Magnification

FIG. 69



WO 2015/003175

7002

7006

7008

30/31

7000
,/

7004

7003

7005

701
L~ 010

FIG. 70

PCT/US2014/045494



WO 2015/003175 PCT/US2014/045494

31/31

AR

IIIIIIIIIIII

yrrrrrrzrziZ7i7/]

7737777777777 77]

7111
7107
| 7111

7110
vl

7107
7111
7113
7112

FIG. 71



