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Abstract : Two key technologies of horizontal drilling and hydraulic fracturing are recognized to
achieve the rapid growth of shale gas production, in specific, in the United States during last
decade. The claims between environmentalists and oil companies have been debating in terms of
water contamination. Nowadays, voluntary publication of chemicals from shale gas players are
available in the website, FracFocus. This paper introduces chemicals that are currently used in
hydraulic fracturing process. Among chemicals, guar gum and guar derivatives are dominantly
consumed to increase the viscosity of hydrofracking fluids. The role of additional additives, such as
breakers and biocides, is presented by explaining how they cut down the molecular structure of
guar gum and guar derivatives. In addition, crosslinking agent, pH controller, friction reducer, and
water soluble polymers are also presented.
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1. M B oF Abgo] ZRst aoltHll. Py el wg
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= =2 )
nj2o] FE3IT Qe HAU7FA(shale gas)9] 2 g8t & AR diHEnh AUoAE
M, AL 71eo] g71H g WASHHA AlA o
2l Bl ti4fel =il ik 2011d =] v eF

EIA Annual Energy Outlook <4 wiz=Fe |+ o:]E]oﬂ 747‘% 'rﬂoUV‘J 714 Q1 T
2,552 Tef(trillion cubic feet) 2 °F 11009 & & 7FsA °F Tlee EAY iR S
E 4 St A WAL 4% =" (horizontal
TCorresponding author drillin_g):% = 7 A $EoR Fe s &
(E-mail: kyeongseok.oh@inhatc.ac kr) e Ak Az AHEH 7=l 8%Q9,113]'[3].
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SAGD: steam-assisted gravity drainage

Fig. 1. Schematic diagram of SAGD (steam
assisted gravity drainage) in Canadian
oil sands, which is recognized to the
successful  example of large-scale

horizontal drilling.

o2 T (permeability, T4-g&ol2tal dho]
g 22 2@Fo2 o|FoA Stk Hd el
Eolfle 7tae 99d #x9 HAdse o4
(fracturing)5tA] &+ 3]4=(recovery)st?7] o€
oh. Ad7taet A HuEE A Fol BolE
7k (tight gas) 2= Zlo] vk Ad7kA9} Hlw
 AS EOIE Jtas AP Feol FH 2
2£(0.1-10 mDa, miliDarcy)= Zt=t}. ¥ty o
2 ARgo] feg Eol F7|7F Fshe HE9
E1gS 9F 1000 mDaz HETHT7] oA 4
P7tag FofebA, AFARD 470 ALto]
7] floiAe AY9SS & oafisty dZ" &
Aol 555 A7 B HESH AirE &
UEE sk 7]wo] Tasith +PEdY o]

__’ﬁ_
AHacid)& FYst] H-F(perforation)= TH=tt.

TR LR

ol AHom =2 AWl Marcellus
Shaleol A= 69,000 kPao] ¢to] AR&=SAth
8D &5 Tt olgA =2 o= &5
AHgsttty sk s uk(hydrofracturing -2
hydroflackinge]2t = ghaty Set9]. & At
|3 SkAY, oieket 8o 3kt HIEAIZL
A AHEETE SATAE A 2 HAUHAE

of thet W82 1% 20 Uefigich
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Fig. 2. Various  chemicals in  hydraulic
fracturing process to produce shale gas.
[llustration is intended to emphasize the
usages of  chemicals in

purposes.
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H2, d=WAHExxonMobile)= SJAF ZH|0]A]
of MA7tA ABite] Al&E= 2FetEdol thofiA
o2 o] Aisty QItH10]. AHEE= fA19
98-99.5%7}F =°lH, 27l HlwA A2
0.5-2%7} A+gHthal Hustal QIoH11]. ofeh
79 FH dsre rAAA (fracturing)® 2ol
Y= fAe g5 e Fola, =2
WE (proppant)2hs @HHA]Z] =4S & ALst
= Aoltt. ot (fractured) F3to2 HEH &2
"ERZ Qldll, 35& AAT & U= Odd &
o] Otz fA|¥o] HA7kA0] A&HHQ] ABito
7FssHAl "ot 18]l AR EE slekEdEE Zle
ZAAoleh= Ag x5t Slste], AFol AR
= SRHTHeL AdRel ZeE AXERstr Qo
(10

2 =EoAde AY7taE Ak 919
oafo] AHEEE BetEEE0] o' Zo] AMEEH
=7Fe AnEdh gl ARgEE A9
AdE =07l sl HrtEle 240 Fobd
(guar gum)¥t FLol-F=A|(guar derivatives)ol T
SiA Aol disiA AEstlth. ololA, &
drtdfoll AHEEE FAY HAAHS HL =7l
QoA AFEEl= F7HAQl ZtAg el tishiA A&
Mekdet. ol%, Sodual F8o A& HAY
7hA RS SleiA Zagh oeket 7S
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1 P, edH Yoy e dMES T S
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o Atk o Vel ot 2ok WA, 4
P7e webs AHacid)S o]gste] Hjd® W
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AL7EE e A7 gl AgHE stEd 3
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A, fA19 S fASH] fsiA AY &2
7H2] g9l fxo] 1EA HVHAE ARSIt o
gt og fAo Aste 2%, 4F, T, 7|
Tr, A= (zone thickness)oll <& AsiAlch.
U2, AYLxE 2= Ao oA AmEZc
F2 AHgHE A2, Fobd(guar gum)dt Fobr
TAl(guar derivatives), 12|11 AERQA HE
Al (cellulose derivatives)7} Qith. Fobd TEAE
o|FE 7B E vhrA(mannose)ot ZEEQ
X(galactose) 2 ©]Fo]A Qlow, uflo Aol Zet
Eo o fist 35ty F2E= 7 3o Yl
o}, EQFE Fopgel Al Fofgh(guaran) EAF
S I 4o YeRfdet Fotd e FeAd ugd
F2 ¢4 Folet(guaran) (1—4)--=23
ANE Al 99 dZFd  f-uikea
(D-mannose)9] APAHER LA o] it ohc

OHOH

B-D-mannose B-D-galactose

Fig. 3. Molecular structures of mannoses and
galactoses.

Fig. 4. Molecular structure of guar gum.

TR LR

AZH t]-Z=E @ ~(D-galactose)
FAleltt. A7 Fd H2, Fob(guar
gum)S HALAR ok, uir|AshA F2 A
AL Gtk O 99 UeEE ul=, 4, 2
ol AR o, vl=e] udmgAe] A
|E FobHe] 80%& %, 1 15%= =t
F| &gt =Q)etttar B astar Qo121
SQatafgAg ol A TorA e T
0.12-0.96wt. %ol A AHE=I ot A2 o
E4dgte 2 At 7eet AL 9/ 5%
F(flow assurance) FHNME LA Apdo|ct
(13,14]. mp=A24E o]fojZl Aol Fejuple A
(polymannose)= =°ll 2] b=tk WHA, mhx
& AL ZHELA AV F2E 2= T
< =° St wokXih #l97tA ntaf o
AMEEE Fobd Foll mheAgt ATFE QA
TS 1.6:1 32 1.8:11 A= ok &3 A}
A7 Aots]. vheAoh AR A Fho] SH7h
2:1 293 1.6:1 o Hieh @ediet mARE O
g 59 yeriglch milesst ZEEQA 7HO
EH7F 1.8:1 d Ao, 2dELAT} nhe A
of Z7FAEY AL7t 2:1 Hrk= @A, I8
1.6:1 Eop= AA AgH x4 84T &+
Utt. AAHo=R upl A0t ZAHE QA 74O i
L= dHsHA] gom, HotfkAe BAEATF
2 2,000,000-4,000,000 g/mole] Z& Ze=tt
[5,12]. FolpEAl= FoF 28e =2 2%
=2 pH 27AA W-gAA e o] X275t
A, FobF BEE olFE= WA (helices) Fx7t
Aoz BARHA =H(backbone) AL}
o298 SARO]E(propylene oxide)7t ¥H-5H7]
et 2ol wEAXIT5,12]. T2 SA+
olEete] AFozm THEXE  ForgLA:
HPG(hydroxy propyl guar)olty. HPGE o=k
2-4wt. %0 H|ES|E IRES st Qloh
HPGE= 294 Fokguanol H&] <Hsict.
o]Z8 LA (double—derivatives) 2 L& EA=R
£ CMHPG(carboxy methyl hydroxy propyl
guar)2} CMHEC(carboxy methyl hydroxy ethyl
cellulose) 7F Ut Bolgh 2 FotfA7t A3
HEojlde ZettEe HoltH15]. FoHguan+ I
2AEEE Fob FHAES A(WHE,
endosperm)OllA] FEoto] A=t} FobH F&
qog JolA A3tER] FARE oekRt AlEo
AR AHEEL e 4ot Ao Jhs

re 1o rr
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(food-grade)ot™ ofo]lAa s Fof Mol g4
= SHs] Qe AgEHE 2dE2 2904
[5.8]. Fobdel AHgHE ®oks SHE, Fol,
Aok, AR, H2HA, 42, FIJE Fol Ak o
WAoo g F=/Adold odd A, 54,
S22 AMgET o]F AlEAS Fobde &4
TEA}o| M (grafting) EolE o] A3
d AdE fARTE H2Y Hd(vinyD), H]
9l 2 (vinylidene monomer)@} FAIE o] A1&
7% ot ERE twdetow Joprt HEH
ol o EA| =0l24 A (Crosslinked
guar—grafted—polyacrylamided based anionic
gels), g Ford HEY stmEIE
(amphiphilic guar gum grafted with poly(e
—caprolactone)), FIEAAY Foby wEtZHH
o] E(photopolymerizable guar
methacrylate) 5> °F=dEA|(drug
system)®ll AHEE71% SFITE [15].

(s)

gum
delivery

(s)

Simplified illustration of guar gum.
Molar ratio of mannose to galactose
is known to the values between 1.6:1
and 2:1.

2.3. FotHe| Jtm AR
(Crosslinking of guar gum)
AgTze| Aol weq LA Fxo) A

Qo] A SetEd S

r
4

=

Fol =
AREETHE Aol ik Euf ARGl whE H|
o] B Eo7HAY, A&+ 7tuEdd &
Aol feoity. T2 AN EE A2 F&olR-
I FoFmetal ion cross—linked guar)”7} AHEH
. g&olko2E= AR, 471w, Helw 50l
AMEEITE EEol 7t Fole B4Hboric
acid), 5-AHsodium tetraborate decahydrate), ©I
gl ZE]Z(ethylene glycol), 12|11 HE-odo}
W (monoethylamine)& /& +% Att. Foto
ZHEQA HEOl AA-5to|EEA]7](cis—OH)
o] Aol Hh-g o2 ZtuZdgto] dojdtt 7t
WA st 4dE MAAT= TS ith

g8 gabEth wepd, He oo o

o

L 1o op

ZtuAe] de2 pH, 2%, 122+ Fejo] 2sf
A Adeso] ARgETh # 1o twATS S8l
AME R F5olE H8EH+= pH, Y99S
TFEoFATE AT Borates) o2 7P ol
AFEE Ity BAMborax, sodium  teraborate
decahydrate) 9} S4H(boric acid)2

0.024-0.09wt.% HH oA Fote] 7twAdte]
ozttt EFrhto]E(Colemanite)2} | AtolE
(ulexite)= 204 AFEEAT 7tudde =
A z3Ystr] eiAe upEdES dA fAg

oHs5,12].

2.4, YEH(Foam gel)
Tz (Foam gel)2 #l97kA0] efupafio] A
St AeHUL HolE }A(ight gas)el A
g 4 9len, 1 olf& HOlE JtA AEF
2 S A AdSe] A= 470
o] ol Bobe IRAls o]gshs Ao
213 4 Stk HEAL AZE o]gste] 2
E(proppant)E °©lFAIZItE AE TS 916l
4

2 o=

b AbgEm F2 Ak, olshpiart
O uro
T, Wi

f Jo kI 9 o oo

7
7

[H

Al
I

Az AgEc HEAL 0|8 7

—_ =

Table 1. Crosslinking condition of guar gum and guar derivatives when metal ions are
attempted[5]
Metal ions pH Temperature
Titanates 3-11 160°C
Zirconate 3-11 200°C
Borates 8-11 160°C
Aluminum 3-5 65°C
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2HES ojfo] syl Antdon 4g A
Se udd AL Agshs 4ol vl 8
Agerol 75% okl FMseteh. MHEA|(foam
agend= A ALEETH4]L WEAS A48T A
S gAlo] &40 wAH ol ] $iA

w2 Hl(fine sand)7t H7HEv dIA]
(foaming agent) 2 Hofgt-Zotl
(diethanolamine)¥  ©]AZ 2 3-8 (isopropanol),
ofl&h-E-(ethanol), 2-REA R

(2-butoxyethanol), 181 & HZ(Glycol
ether)7b  ARgETh  ARZAGAS] <t A
(Surfactant—based gel)& AH8T Aol B
o]A(breaker) & AFESHA Y=the= ARlo] ok
ZIolde] w2 =2 Hthhigh-shear) FEE
zh=th webA e 2R FolAME mpREerE ol
otz & AT (shear rate), pH,
surfactant—cosurfactant =7} 54 A7t =
o ol Aol gt Avsh AgEA ot
71, olet {EH Hxwiskel HHE {FRigh
gt A7t Zasiet

2.5, 7|Et H7IA|(Other Additives)

2.5.1. BF0]ABreakers)

Hefo]A Breaker) = H=tte = AUl 3l
7l 2 e A 5T =+ Ao A
Aol Ztd Forde] Zdee e g ¢
o]

A2 Ao Mol Yot /A
G ol ZRuES Aol ol
7t tdEM(fracture) 7HA] st =}
Atolo| A= e P ool
ot SHARE, Aol =2 fA7F A& ¥
, 95|8] ZRHMETL FARAY ot
23 £§Eo] o358 HUrtal] 55
Sk Aas =T 4 QUTH4,5]. ohekA,
flo]# (breaker)E ©]-&5t] FopHEE o]F+=
o ARES #2oz A9 HA4S JdE:
o] Wgsltt BeolA FRet sk, WA
g 220 A fA HAdol oHE
Fagity, Bio]A 9] AME-2 dmba] {42
e B2 Foh BolAe sdu 54
Sgote] AgSAY, EPAHoR AgE &£
o}, FobAL thEk 6-10wt. %] 2o =2 &
ZHgEo] A7ItH12]. 84 A7 Ao
7IHA B840 ARES B+ AU Uth
oz BgFFES A9 S5& Wt

ox,
o

Il

ax

> il
o ra

s
P i\l

2 1o

_l

=

L1 N <O < T SR O (O v T o T e [ e R

TR LR

L oAne it gexl wee Told o
2gugEe AE20rct cTolt(s], g
s

=2 ofE BHo]A(breaker)® A E|ot=7}
of FFL derh oz, oo
6.5-1.5wt.% o E&3f=0] UtHS]. Fobk
A= olHt= A2 oo E84REC] EARIT
oAE &9, HPC 9] Zfole 2-3wt%, 183l
CMHPG £ 1-2wt.% HL7F "5, 1849
EATEE FERSY, FobHY mheA-uple A
(mannose—mannose)7te] XA | ZZEQA
7t B ARe R ddE #XE AU
Gtok A=tE @ A7 mil Ao ZVIA| AR
AE|Z] o2 AdEjollAl, 67] o9 mi ATt
Foz soXA =HH, A (helices) +XE
Aot= Aoz B HIHH16]. &, EFolA
(breaker)ol] oJaliA] Aoket 1R} AR&o] #7]+=
Zo] ofd, HEH APl mteA-ZAFEQA
(mannose—galactose)7te] Adto] #7|HA Hil
271 67 o) APe=r AdA sold ARE Z
A ot A-Fe ] A (helices) 271 T
A7 gk Fd FRE2 A97tLe 558
Woflste Ao A4 4 QluHiel. Belo]# e
OlsiAl  Afte] #oA Ae, HiA-mikA
(mannose—mannose)7te] ZAgto] o= Zlo]
A9 HA4E el 9 fcttes AE 4
A Q&g & Atk =2 d= AFESS TF
E(fracture)o] JAI5I e ZRHE] LjmA
Ztgsttt, Heo|ARE= RE2 A
(oxidizer)2t & A(enzyme)7t AHEHTE ASHAIR
TP (persulfates) ¥t HHAFSHE(peroxides)©] At
S5t 120 e & Aeole o 1EF
O] AkEo] AtEHAlel oA #AX & HAHE
gisprle] @5]d, HYrtAe] 88 Wold
ot G4E 92 22(50°C olshoA Hx=E
gx=gl adqeltt. 84 ngEolr|e 12
o= S YA =i pH o SJelixE JTF
< =t 7P ol A EE BAEE ouAd
Edo]A(hemicellulase) 7t Sltt. G40 o=
TFotd o2 RE Ado] #11 67 o4 miA-
upe A Agto g Qlsf] o] WAstE A F
TZ(helices) o] FJHTHS,141.

ol 2

i o> oft

2.5.2. F#A (Biocides)

FtAl(biocide) = AT L] 2710 At
Hoh §71 IRAE Al fAR AR
S A el EEEote] Aol AR 4=
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 uhglEote] 4]
Aol A}
o B g%
S g9 2
[e]

[e]
= ©
ol F43| wrolir). ol 2

Uo m

TE olFoz I bl 3PS ofHA T
o mEhA fAlel & Al(biocide),  AFA
(bactericide), "]|E YA (microbiocides) S =
goto] EQgitt, AR I Aol 43t oyl
(quaternary amines), ©Fote]=(amides)et Lo}

©]E(aldehydes) ol AtH14].

!

2.5.3. pH 244

pH= Fob &4 ¥ 9%
Hskel Frobgst i
29 5= E F :
Z|go] pHel wet A= =
g At DAY 4 9ty pHE 24EsHE &
A2= 4 Q717 AHEEE dB3deg s oyt
ot EMAMFE S (Sodium carbonate), ERAREA
E&(sodium bicarbonate), $AFSHYE&(sodium
hydroxide), ZAHacetic acid), O|ZAUEE
(sodium diacetate), o}t Z A (adipic acid), Z&
AHformic acid), FEUtEAH(fumaric acid), 9G4t
(hydrochloric acid), A|1J4M}EE(monosodium
phosphate) 5ol AtH14].

N
24—
=

pacs

Jo

_):I_I‘
|
o
o

ol g
b
ol

2.5.4, "F&Z2A (Friction reducer)

= 23td g fAle HAd Sxet oF
goz F(njection)trt. o5 FoliA A}
£ ol&th. gds], npEE Qe dstA] ¢ 2
W7F B4 4 Qlrh ol w7l Yo mEEAA
£ AHgeith F2 AMgEE EEEE gEHA 1
22 52 ofa oot FERA (acrlylamide
copolymer)7} AHGHTE =, 284 o] A,
Fol24d Z2]ot 3 | o] E(cationic
polyacrilate), 12]a1  ¢ol4  mpEAA|
(cationic friction reducer)”} AF&HTHS5].

25.5. 1 499 484 3ER
(Other water soluble polymers)

7V ol ABEE 84 1LEAe TR
(xanthan), Z@ otz Zotuto]=(polyacrylamide),

ae3 AgRes frAeld. Iue 84 3
22 F MY = A4S 2 Wk HaAR
2 WIS SaiA AstEn iR Ege] we

AL7EE e A% Al AgHE sted 7

oF 5,000,000 g/mol 9] EAFE Ztn, 3FHF
ggRol npe A 2239 A(glucose), 1231
222 (glucuronic acid)Z o]Fo]A Uct. £
Mol A B IEAZES] £AAG o] ok, 1B
Z17ke] Q1Fo] FFato] Zreh AAdS yERdch 4
2 ®He] pHollA W24 9 Hakl(brine)ol
AHgETE Fgol2e QA Zturt dojuH,
AtstA|el G Ao olefA HalEe AHE ZHert
TH 802+ EEHY fAE AMEH Aol
¢ isobA] §8 o]ito] =S B fAe &
o] dojdtt, FHAREE Ejotadotute|=o]
o, TR0t MPuEAo|H, EA}FFo]
10,000,000-20,000,000 g/mol ©f ©]2t}. pH
olEAde won o]Aolrlo] A(salpell <zt
A9 WsF A, Z4Hacetic acid), ot ™
AHacrylic acid)¥t 22| A (glycerin)-& Al £]staL
£t #7184 E84L drh EOR (enhanced
oil recover) o AHEHCE EIE o &%
fEo] itk Aol k. AAE AEZQA
ojt}, AER A HAA A FHS EZolr},
BAEe et £AZFOR Qlsty, e =7
A= B84 Wk 35Re] ARVt df

op i 1o

ko] AR5, o]=  carboxymethyl
cellulose(CMC), hydroxyethyl cellulose (HPC),
A= carboxymethyl hydroxymethyl

cellulose(CMHEC) S-©| QItH5].

3.8 B

HREAY Tts Adtele BolE Zis, Ad

e, H@E Rk, Tha soledelest 9l
oh WEd HE 228 AW oz o|Fol

2 EAQL AFel A7 2 e el Y
PdEats) ] 1= s 10y Eat =L A=) o1 S e
HIE 7HHE Arx ogadnrt & Ado] &
Aok FHTo] AR A Fh= 2714 7]
=o] oJoflA g5 r WA BAES 2+
74 tEy IR g (hydraulic
fracturing) 7|&9] WHolty, =g E S F
=R A7k S SloiME pduE S
oA fAY e 552 4S 4 ofof 7t
ot o5 oA iAo diRES AHASh=
ol F7HH o g opefst slekEdo] F7tEo] uf
HEAM (fracture) S A 7|1 §AAL & =
wolde HG7Es Bitel]l AFEE= IEEAEE
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o dheild Amm, RpEe FEse) dystel
o}, ok o] %A% gkt 242 Yo 9l

AL7IAE o2 olZTA7]7] Y A-=
S358 Fole Aolch oI A 2419
B8 AFg3Si) thEolr g 3RE $XA)7]7)
H H/q‘— IZHE (proppant)teE BAE 0]FA]
AM wpdckmo] FHAAMA o) 7?8]—9 A2
o= FHAQ AAZF BV AL FAEEE

St} ola|st dere et ug_n}eg 2| A=
HHE ol 5717l fside d4e Ad #AE

1o
m

g o] Bralolt, AF7HA A=E HA
2 3L =Ae] SRR Fot Tod

(guar gum)o| F8sHA AREEI ot Fobxel
gt EATEE SolA, Bfo]A (breaker) &2
FAl(biocides)7t =g fA¢t @A F EO‘Q
o oheA-ZFFE @ A(mannose—galactose) 7F2]
Atto] Mo Qs FAH, AA Sold AP
9] wjiA-ubl: A(mannose—mannose) 7+e] X
7t 23518 HAES dov)E AP helices) Fx
€ RostA BE Akt B, ooz
BE f2d £ = B S B4 A=
= FA LT BB 849 A 12
S Tl FE AL7tE Tl ARRE=
£ AHE Y 4 UL AR 7|gith
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