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THE EFFFLTS OF CLINO TOBERMORITE MINERAIL FOR LIGHT WEIGHT CEMENT
ON SIMULATOR CURING CHAMBER CONDITION

FERT. Nur Sehascarvo
Fakultas Teknolepr Mincral TIPN “Vereraa®™, Yopyakara, Indonesia
subascoryarda vahekr.com

ARSTRACT

The cement slarry 1a be sei an bore hole wall amound of casing suing. and so hardenner. On the
Borwm hola condition changers (basad on simulator curing chiamber}, the eharacteri zaton of coment such
of changer strength, porosity, CfS rativ and caused mineralizacan. For Lhe antcipated that canditions, the
curneol slurrics 1o be added hightweight adiyve (expandimyg and microsphere ceranucs logacl, so resalts
of characieristie coment 5 good (permeability. densey, theolvey. and strengh). Reswits ef the research
are vernent hardener grood beeanse any charges i nuacrabzaton lebetmorite o clino tobemmoriee. hy
dessity 11:]2 pg Toaxed on (5.8 ppek thickering tme 2 hours at TO-100 we, so thats resulis can he
applicd on pllshare vil and pas or geothermal Sefds
Kevwards 1The cocmant slarry, hore haly, expanding additive, sirengih retragression adilitive,

Lighiwerght addizive

ABSTRAK

Semen pemboran disc didasar lubang sumur antsza pipn selubung dan dindsog lubang ber.
Semien terscbut kemudiar menacras dan mengalarm beberspa perubahan kemtensas: sifat fisik sepemt
strength, peeneability, porositas, C/8 tate dar aniseralisas akanat perubahzn kondist Jubang bor yang
disimulasikan pada simulator curing chember. Untuk menganusipas) perubaban tersebut diperlukan
taimbahznt aditf peagembaag yaihe expanding additive, adinf peacesah sirength rewogression, dan adinf
lighnweight cement Parameter vany didapat adalah besarya permeabilicas seimnen membani. densitas
semen sharry dan rheology. jonis omnecal semen membaty, Jeo kexuown gaya peser stau sbearbond
strength

Hasil pepelitian temyata adanya perubahan bentuk kristalisusi mineral penccgah strength
retrogression dan whennuene ze ling tobenuotizz, dan gradient w2kanan yang terjadi berkisac 1112
pps, dibanding gradient yang unuun digunakan schesac 5.8 ppg, dengan thickyning ume sckitar 2 jam
padz harga 70-100 ve. 1asil penclitian toischat dapat dizunakan pada dacrah lapangan migas lepas
pantac dan pada lapangan panasbumi
Kala keact . Sunen pemboran, bbang ner adinf pengembang, acinl pencegah, adinf Jghmweighy,

1. INTRODUCTIHON Besides 118 luoction a8 previously
The high temperature cementing s oce mentivned, cemenung, in the drilling operatoen
"afl shewse puablem, bigh tempoiature ecmenumg may carmy the Ballowing objectives ;
consist ol sleam recovery wells, peothennal i.  Supportihe c’ing against the farmation.
wells and ultra deep wells, The recent conditior. 2. Protects he casing againsl onderground
of reserveic s depletion pressure und almost virorment effects, such as high pressure.
resenveir frap found amy tault and cruck. a. rovenl gas or hiph-pressure fommacon
Antivenated tht used gradienr pressare cemeit fluils movement inte annulus casing-
1§ low densite and st strenelb. Comenting wellbore that may raisc trouble at the
is 1o isolate the annulus between the casing and iface.
wellbore In oxder 10 preven Communication 4. gl’.‘!llli.'r.' Fas-0il matio, water oil rato and

between the vanaus lomanan |eyvers. Walor-Has M.

KR Nur Suhgseasyo




2| rssw 0854 - 2554
JIK TekMin, Wolume 24 Nomor 1, lanuari-Aprif 2621

5. Mirimize casing wear

In order 10 achieve & good cementing job
-1 requircs accurate data obtamed from the well
bore, goul cementing technique, propet cement
suspension characieristics and coment quality.

This paper will discuss the effect of the
addinon of Expanding additive local from
Wonosari and Tuban to pcrformance of coment
sturry wnd quality cement hapdener on simsulatar
curing chamber canditons (HTHP).

Nearly ail cement slurmy charmctensiics

will affect the cemant quality wpon placement.
A low cement shumy densicy will resule in a low
compressive steength, which may be caused
by a high water cement ratio (WCR) vscd in
the preparaton of the cernen slutry.
Cementing ar high feoperature requires a Jow
coment densiry, impermeable and high cement
suength by occurs formed miseralization, on
finst el C-5-H, alpha diCa-S-H, Tobenmorite eic.
Because thal, comenl slurmy has density is high,
10 reduce 1t to used ceramic powder. Meanwhile
in order to increase the coment stréngth at high
lerperature can be attained by use of silica flour
as ypecial additive, and prevent shrinkaged by
oxpanding additive.

2. REVIEW GF LITERATURES

Coment and additive i€ nuxed with water
resalls in a cement hydration process foliowed
ny 4 cement sctting process. The definition
of cement hydration process itself ¢an be
described as a chemical reaction between solids
and liyuids, in which mixtures eventually scts,
On cement suspenston, the hydration process
happeas berween clinker, caleium sulfare and
water, which gauses the eeatent slry 10 set.

Ihe hydration of Portland cement s a
seguence ol ovedapping chemical reactions
hetween clinker compunents, caleium sulfate
and water, leadmp to consinuous cement slumy
dhickening time and bacdeming. Althougl the
hydialon of U5 1 oftcn wsed as a model for
the hydretion af Porland coment, it musi be
kept in mind that many additivnal perameters
are involved.

The hydration of Portiand cement i3 a
complex process of crushingfscitling, Lnlike
i the pure single phase, the various mnlt

componenl hydeation reéaction works a1 difforent
rates. It influences hetween phases for example
: the C A hydnation modificd by the presence of
€, 8 in which the formation of calcium hydroxide
will reduce the Ciﬁl by gypswr. The clinker
contains certain impuritics, this depends on the
composition of its raw macerial in which within
cach composmon comains different oxides.

As a consequence of the unputiies the
hydration also becomes impure, in which C-S-11
gel tendy to bond with aluminate, itea oxide anl
suiphur. meanwhile crtringite and monaosulpho-
aluminate contamns sitca. Caleiun hydeoxide in
1his vase alsa contains cerlain amounl af other
ions.

2.1. Hydration Processes

Hydration 15 a chcmical reachon between
sulids and liguids, in which mistures afboth will
eventually sets imto solid. In the cement sy
used 0 the cementing job, the hydrauion faking
place 1s between clinker, calcium sulfate znd
water, which resnits in a set cement at e end
of the process.

Among the man factors affecting the

hydiation process of Poriland cement is
formation temperature. High temperalure may
acccleratc the rate of hwdration, but in the
other hand it can affects the cemenlt stability
and change the cement component morfology.
The hydraton phenomenva of Portland cemient
based on temprratuses can be classified inte two
categones, thal is & low emperature and high
teraperature hydnation.
At low temiperamure bydration, the components
of Portland cement 15 anhydrous, which means
when it comes o contact with water the cement
cotiponents breaks apart and hydrates in which
cventually tums (o set ceiment. Meanwhile at
high wemperature hydration above 110°C, die
process begins with the formation ol Alpha
Dicalcium Silicate Uydrate (o-CSU} which
changés the cemenl components,

Composition  that can  affcet  the
cenlent sirenpth usually known as Strength
Retrogression {introduced by Swayze 1954)
Strengrh retrogression s overcoimed by additior
of sitica Aour as special addinye inte the cemen
prior of miving it with water,

KRT. Nur Suhascarvo




C-8-11 pel is 3 matenial with ¢xcellent
hinding chiracleristicy especially at temperanics
up w 2'F (100"C). At higher lemperature,
C-S-H pal is subject to metamorphosis. whick
usually reselts in a decreased complessive
sirength and increase in permeability of the
sel cermnent. Ths provess known as Stength
Retrogression was first reported by Swayze
{1934}

C-8-H gel often converls inte a phase
known as alpha dicaleinn  sificale  hvdrae
|'<_p.-f:",$_'>nj~ which is haghly coystaliine and iouch
denser than C-S-H gel. As a cosuly, 21 affcets the
compressive sirength and permability of set
cement at a temperamre of 230" (110707,

The  sleength  rctregression can be
preverted by adding silica Raur iota the cemem
price of mixing with water. The maw parposc
5 to approaimate @ CiS ratie of 16, It must
be rnuted that commercadl cemenl bas o €78
ratia aroupd 1.5, therefore tie aooo af silica
necdzd to reach 1he degimed CFS ratza value is
33% i Mearzd, Klausck, Carter aud Smita).

1.2. Light weight and Expanding Additives

Light weight additive is  extender
additive used in reducing the density ¢l cement
therefore it is applicable in “onnation that easily
collapse Microsphere s an extendar having a
specific gavity of 0.4 to 0.6, and a5 econenung
lechniology  adavances, use of microsphee
beconics more colmmon.

There nre twa types of microsphere, glass
mucrosphere and corane mucrosphere,  Tlis
researcll uses ceramic mivrosphere, Preparation
of ceren slurry using microsphere is developed
in crder to give cortain values of coment slurry
sttic préssure having a low density which
may influence the suength-density ratio o the
cemenl. Micrusphere owes seme advantages
and disadvantages. the higher the composition
af microsphere wends to reduce the density of
cerenl but it reduces the cornpressive strenyth
and shear bond strength as well

Ixpanding allitive of cemenis ineans that
cxpanding of cancnt relative volume duc to
acnenl bulk expansion {Danjuschewski, 1983).
tt is cavscd by:

JSSN URSE - 2558 3
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1. Chemical contraction that formed another
hvdrated producton liquid phase condilion,
e ervstalliring ol dissolved salt ar hagh
e b,
2. lhe presance ol expanding matynals in
cetaent sury helore hardened condition,
Le sinie, perelase ghaS, cic.
Y. The presence ol electsalvie amound the
cemengbulk afier the hardenaed condition.
The part 2 g murit condition that maght bring
increase the shear bond strength, and alse
le expansion effect could be coatrolied by
arranging the hyming temperalime and surface
arca uf the expanding materials.
Durag the imwenm, a number of éxpanding
additives  have become  avalable  Jrom  the
service idustry; wost af these we pazenied and
theretore wiknown composition and cfficacy.
Cnder borehale conditions, many of the known
additives. sich as poswdered alomunium i
citringitesfoming products, present prahlems
with respect W alfecuwity ar controllability,
or both, because of the expansion mechanism
mvalved. Even under aonaspheric conditions,
severdl cements o man exhiba any expansion
at all. bur merely a decresss i volumeric
shrinkage.
Danmschewsky) in 1980 proposed line and
pericase as expambmg additives 1 creale
exponding cement. He found the cxponsion
effect mure than 1% and up w0 25% in specibc
concitivn. Several other tvestigations also had
been conducted on che effectivity of expanding
cements based on these caleiure and inagnesium
oxidc adduives Both matcrials ars characrerized
Ine the capubilily of nlueacing the regctivity
and thus the swelling behavior by way of she
reanatacring praocess.
Industnacly, e and periciase are usually
manufactuced by  calammg  of  calcium
wnil  magnesium  carbonates  (liberation  af
(0., decacidification). ln conlrast to other
eapandng  adiitives,  Tioe  and  penclase
provide two  possibilibes of inAuencing the
texcuvity fhychation activity) by means ol the
maaufaclunng process.
Decrcasing the seactvaty by ncrousing the
calcining temperature during maruficiere of
the swelling zdditive, as well as. Increasing the

KRT. Nur Suhascatvoe
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reactivily by augmenting the specific surface
arca of finzness dunng grnding af the swellig
additive.

A.DESIHGN EXPERIMENTS

31. @asign Simujator Curing Chember

¢ specification was designed a physical
simulator model as a modiheation of pressure
curing chamber that could be operated under
350¢C operating empersfure and 3000 psi
apergting pressure, sce Figure 4. The advaotages
of the sumulator. besides could handle Jarge
asnaunt vf sample (30 samples). it was designed
that could be vpereted using formation water
toth from oil-gas Held or geothermal field. It
was also equipped with CO, and H S injection
:ppliancc..

ihe mawn pans of simulator are listed
kel :
1. Simulator tuhes were eyuipped with heater
and thenmocouple.
2, Maximator pumyp, pressure source that
cowld supply hydraulic pressure up o
6300 psi.
Safety valves and ruptore disc.
Formation fleid injector
Automatic thermo controller.
Gas injgetion Bow meter,
COulet eachanger and rescrvour chamber.
Manometer and in‘out simulator liguid gas
regulator valves.
The test reguired 3 types Of specimen
molds as cemeat slurry chamber that should be
treatcd dunng hardening. The specunen raolds
deseribe as referred to below:
Cubic type, with dimensions 2" x 2" x 2%, to
deternune the tensile and compressive surength
the coment

Cvlindnical type, with t* diameter and 2™ height
w determine the shear bond strength between
coment-casing  and  alsa (0o ineasure  cement
casing-permeability. The specumen mold needs
chamber caps when it is placed into simulatar.
{ylndrical type, wiath 1" diameter and 2.5"
height. This specimen meld centains 6 cement
chambers, The cement spucimens are used to
derermane both coment permeability snd the
compressive strength.

o U

All those specimen molds are destened  Lhad
could be run simultancousiy in the simulator at
.iw:n. well cordinion.

Compressive strength value 1s calculated weth
the following “ormula:

‘H‘k.R-:.-\ 1"Al (1)

where,

CS s compressive strenglh, psi

P ; maximum load, pst

Al - hydrauhic montar’s bearing block
CIOSS SCCUOn arce, 1n’

A2 s Cement cOre’s CrDsl scction arca, in?

k : correction constant, function of
neight (1} and damerer {(d) ratio. scc

Table).

8
Shear bond strength is calculared using the
fallowing formula:

@Ps=Fial:x Db (2
Where. STVS" shear vl arengnh, pea ;
D * strain maxionwem load. psi
A : ELMICAL CUe's 4T 3culive 4T, o
! . ecmenl core's beight, in
* dinmeter core, i

Table 1. Relatons of constanta and hvd

T} Krestaunta (1)
o 1
L8 (1]
15 0k
14 a9
(RT1 ! VBN
———————

3.2. Design of Laboratories Works

. ORI :
Figure 1. Sampling Additive Local (pencalse)

KRT. Nur Suhascarya
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State of The Arts [light woighl cekent)

Figure 2, Design of Light Weaght Cement

"
180
a0
U
4 Figure 4. achivasion Proveess
31“
4 ,
L3 i
E = 'l\ Uji Kualitas Semen Membatu
F RSN — fpat
=il 1206 ¢
=i HIC
) \‘\--'h_

Tiew, e

Figure 3. Based of Berned Additives

Figurz 5. Laboratoies Experimenl
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4. RESULTS AND DISCUSSIONS

For the expeniment lsboratorics, that
rement slurties and hardener saw loliowed on
Tahte 2 and Appendix.

For Table 2, The API spec or ASTM spec
has beenbased of value of finnenes a powaler grrat
than 2500 ¢wn™/gr from test bein permeameter,
the strenaths of hardener cement s good bonding
and the powder 15 Annenes great thay valuc.,
From Appendiz t up 5. the density of based
cemenl 15 159 ppe and aller added silica Aogr
changes 15,3 ppg. so on the light weight cement
13 117 ppp that’s value up compare with Figurs
2,. The strength such upper 500 psi.. i1 1s hmited
based valuc compressive strength, the resulcs
sev o Appenl:x 4. The thickeoing ume from
rcasured by atnospheric consistometer T0-100
L¢ are between JS2-102 minutes on expanding
additives 15 add Co0O 3 % coneentration, and 93-
125 minutcs after added MgU 3% On hired
value is up 120 monutes strength up SO0 psi. The
value of permeability i1s 0,193 md, it mean 1s the
siimilary than silica cement is a gead if cormpare
hased of coment (sec Appendix 34, The cffect of
LWA addidve and nucrosphere is to be changer
mineral tohermante 11 A w clyno whermaonte,
aec Appendix 5,

Table 2. The finneaess of local additives

Powrg' o] Wi ngs Firees
iy
iaee [ N
S T TR
losted ] T T
Rrvesalocs fo LN
5. CONCLUSIONS

For resulis and discussions can be take of
several conclusions -
1. The efMect af light weighe additive (TWA)
periclase (Jocal) 10 cawsed reducing of
densiry and screngprh.
The hardencr of coment 15 best because
uapcrmecable, thickening time s reliable
on hased range 75 =125 minutes, and
creale minerai ¢lyno wbemorite.

2
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Appendix 1. The Density of cement slurrics and local additives

, Dumeity
N iconapnalilgn Modgls P
1 ) Based Caneni 'oseder A
02 [ Seleca Four Fawesr 1224
U3, | Lume Pawoer [ eal 147409 .32
04, | Duriclase Pawder Lol (L0 29,16
Oh. | Sasedof ( emamn Ny (HC) iy
U, | Silicn o =nrenl Sl 500 L
07 | SC - Purivliss Cocu 3% | 5.€0
m | SO~ Pl ). t'-.g‘ Ead 1% #
v, | 50 = Lime Lowal 3% (RN
i, | S Rewe Lacal 8% 15 5%
. 'sf \1ILJI¢IP . ’rm.l.n.-Lu..n "i“ 1:.758

2. | SC Micresplicre « ?l.m.l::.t Ll.-..al S“ IL.7E
13, | 5L Matagephie + lllq"l ol 3, --.::—.?E‘
14, | SU Magosplicrs v Z onie Local i 1175

Appendiz 2. Thickenioy thoes

Data Ultra Permeabilitas Test
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Appendix 3. Permeability wst

C i o L Sl Campresysive Shearbond,
_ Gompmﬂ:un -| Conditioning |- - strength .m'engtﬁ :
‘Models 7. - [Time'{ hours)’[ - -~ (psi) (psi)

Silica Microsphere 24 2615 1087
Cement (SMC) + 72 3050 1027
Pencluse 3% BWOS l6% 3627 1294
Silica Microspherc 24 2744 179
Cement {(SMO)Y+ T2 3020 992
Periclase 5% BWOS i’ 168 1506 1236
Stlica Microsphere i 24 680 E73
Cerrent (SMC) IL."fm'l T2 201 427
3% BWOS 168 170¢. BELG
Sitica Microsphere 24 J506 W02
Cement SMC) = Lime 72 3541 665
5% BWOS 168 ERD | [ (RY

Appendix 4. Result of Strengths on Compasition Models Cement
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