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THE EFFFCTS OF CILINO TOBERMORITE MINERAIL FOR LIGHT WEIGHT CEMENT
ON SIMULATOR CURING CHAMBER CONDITHON

ERT. Nur Suhascarvo
Fakultas Teknologsy Mincral TIPN "Vereraa™, Yopyakona, Irdonesia
suhascaryafe vahkncom

ARSTRACT

The cement slurry 10 be s¢i an bore hole wall around of casing suing, and so hardenner. On the
bottwm hola condition changers (based on simulator curing chismber}, the charucterization of coment such
of changer strength, porosity, C7S ratie and caused mineralizacan. For Lhe anucipated that conditions, the
ceincal slurnics 1o be added lightweight aditve (expanding and mictosphere ceramics logasl, sa reselts
of characieristie comezat i good {permealility. densky, rheoloey. and strengih), Reswits ef the research
are vernent hardener grood beeause any charges of muaerabizaton lebcrmorite o cline tobemmorite. hy
desnsiiy 11412 ppge Coased an 258 ppe), thickering 1me 2 hours at TO-100 e, so thats resulis can be
applizd on ollshare vil and pas or geothermal Sefds
Kewvwards JThe comant slurcy, hore holy, expanding additive, sirength remragression adilitive,

hehiwerght addiise

ABSTRAK

Semen pemboran disct didasar lubang sumur antsza pipa selubung dan dinding lubang ber.
Semien terscbut kemudiar monaeras dan mengalarmi beberapu perubahan keratenisasi sifat fistk seperi
strength, peeneability, poeosilas, C/S rate dat miceralisas akinat perubshzn kondist lubang bor yang
disimulasikan pada simulator curing chember. Untuk meogantisipas) perubaban tersebut diperlukan
tainbahze adidf peogembaag yaite expanding adeivive, @diipf pracesah sirength retrogression, dan adinf
lightweight cement Parameter yany didapat adalah bosamya permesbihcas seinen membani. densitas
semen sluery dan rheology. jonis mineral semen membatg, Jen kexuatn paya geser atau shearbond
strength

Masi] penelition temyata adanva perubahan bentuk kristzlisusi mineral pencegah strength
retrogression dan whennueie x¢ vlina wbenuotizz, dan pradient 2kanan yang terjadi berkisac [1-12
ppg, dibanding gradient yang unuun digunakan schesac | 5.8 ppg, dengan thickyning ume sckitar 2 jam
padz harga 70-100 ne. Masil penclitian toischat dapat dizunakan pada dacrah lapangan igas lepas
pantar dan pada lapangan panasbumi
Kala keaci . Sunen pemboran, labang ner adinf pengembang, acinl pengegah, adinf ghmweighy,

1. INTRODUCTION Aesides s Muoctivne a8 previougly
The high temperature cementing s ooe mentienzd, cemenung in the drilling operaden
"al shese puablem, bigh tempelature cementmg may camy the fallowing objectives ;
consist ol swam recovery wells, geothonnal I, Supportthe casing against the farmation.
wells and ultra deep wells, The recent conditior. 2. Protecis the casing agains! nnderground
of reserveic ix depletion pressure und almost envirorment effects, such as high pressure.
resenveir frap found apy tfault and cruck. 1. Provenl gas or hiph-pressure formation
Antiveated that used gradieut pressare <emeat fluicls movement inte annulus  casing-
is low densite aml stomg strenglb. Cementing wellbore that may ralsc trouble at the
is 1o isnlace the annulus between the caning and surdace.
wellbore i order o preveni communication 4. Reduve gas-oil ratio, water oil ratio and
between the vanous [omatan leyvers. Waler-Has radoe.

KR Nur Suhgseazyo
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. Mirimize casing weat

In order 10 achieve e good cementing job
:1 requircs accurate data obtamed from the well
bore, goxl cementing technique, propet cement
suspension characicristics and coment quality.

This paper will discuss the effect of the
addiion of Expanding additive local from
Wonosari and Tuban to performance of coment
sturry and quality cement handener on Simulator
curing chumber canditions {HTHP).

Nearly ail cement slurmy charmetenisicy

will affect the cemant quality upon placement.
A low cement shury density will resule in a fow
compressive strength, which may be caused
by a high water cement ratio {(WCR) uscd in
the preparation of the cernent slutry.
Cementing ar high fcooperature requites a Jow
soment density, impermeable and high cement
suength by occurs formmed mireralization, on
firnt el C-S-H, alpha diCa-S-H, Tobennorite etc.
Because thal, coment slurmy has density is high,
10 reduce it to used ceramic powder. Meanwhil2
in order to increase the ecment sirength at high
lerperatuce can be attained by use of silica flour
as ypreial additive, and prevent shrinkaged by
oxpanding addative.

2. REVIEW GF [.ITERATURES

Cemenr and additive 10 nuxed with wacer
resalls in oa cement hydration process followed
hy 4 cement sctting process. The definition
of cement hydration process itself” ¢an be
described as a chemical reaction bebween solids
and liguids, in which mixtures eventually scts,
Qr cement suspenstan, the hydration pracess
happeas beiwecn clinker, caleium sulfate and
water, which causes the geaeant sluny 10 set.

‘Ihe bydration of Portland cement s a
seguence ol ovedlapping chemical reactions
hetwaen clinker components, caleium aulfate
and water, leadmp to consinuous cement slumry
diickening 1ime and bardening, Although the
nydealion of U5 s often vsed 25 a model for
the hydretion of Portland ceraent, it mus be
kept in mind rthat many additunal perameters
are involved.

The hydreation of Portiand cement i3 a
complex process of crushingfscitling, Unlike
in the pure single phase, the various mult

componenl hyidration reéaction works a1 difforent
rates. It influences between phases for example
. the C,A hydration modificd by the presence of
€,8 in which Wic formation of calcium hydroxide
will reduce the C A by gypswn. The clinker
containy certain ympuritics, this depends on the
composition of its raw material in which within
cach composition ¢ontains diffcrent oxides.

As a cansequence of the uaputiies the
hydration also becomes impure, in which C-S.11
gel tends to bond with aluminate, iten oxide anl
suiphur. meanwhile cttringite and monosulpho-
aluminate contamns siica. Calciun hydeoxide in
this vase alsa conlains cenlain amounl af other
ions.

2.1. Hydration Processes

Hydration is a chcmical reachion between
sulids and Tiguids, in which mixtures afboth will
eventually sets into solid. In the cement slumry
used 0 the cementing job, the hydrauon faking
place i1s between clinker, calcium sulfaie znd
water, which resnits in a set cement at the end
of the process.

Among the main factors affecting the

hydration process of Portland cement is
formation temperature. High temperalure may
acccleratc the rate of hvdration, but in the
other hand it can affects the cement stability
and change the cement component morfology.
The hydraton pheoomenva of Portland cemient
based on temperatures can be classified inte two
categones, thal is : low emperature and high
teraperature hydration,
At low temperamre bydration, the componetts
of Portland cement 15 anhydrous, which means
when it comes i contact with water the cement
cotiponents breaks apart and hydrates in which
cventually tums (o set coment. Meanwhile at
hinh wmpelatwre hydration above 110°C, die
process begins with the formation o Alpha
Dicalcium Silicate lydrate (e-C,SLi} which
changés the cemenl components,

Composition that can  affcet  the
cement strenpth usually known as Strength
Retrogression {infroduced by Swayze 1954)
Strengrh retrogression ts overcomed by additior
of sifica flour as special addinyve inte the eemen
prior of mining it with water,

KRT. Mur Suhascarvo



C-8-11 pet is 3 material with cxcellent
hirding characlenisticy especially at teimperaniccs
up o 2ZW'F (100"C). At higher temperature,
C-S-H gcl is subject to jmemorphosis, which
usually cusults in a decreased compressive
sirength and increase 1o permeability of the
set cernent. This process known 4y Sthiength
Retrogression was first reported by Swayre
{1934},

C-S-H gel often converds into a phase
knawn as alpha dicalciom  silicale  hvdrae
(ee-C ST, which is haghly crystaliing and wouch
denser than C-8-H gel. As a cosuly, 21 affects the
compressive strength and permeabilite o set
cement at a temperature of 230°F (L107C),

The  sleeogih  retregression can be
preverted by adding silica Aaur ota the cemeon
ptict of mixing with water. The maln parpose
i5 to approaimate @ C/S rativ of 1.0, |t must
be rasted dthat comaercadl cement has g 08
ratia around 1.5, theretore tie awoao af silica
necdsg to reach 1hc dezired CFS ratia value is
33% ( Metxrd, Klousck, Carter aud Smita).

1.2. Light weight and Expanding Additives

Light weight additive is  extendsr
additive used in recducing the density ¢l cement
therefoee it is applicable in fonnation tat easily
collapse Microsphere is an extendar hoving a
specific graviy of 0.4 to 0.6, and &5 ccomentung
lechnplogy  adavances, use of  microsphee
beconss more common.

There nrg twa types of microsphere, glass
nucrosphere and ceramie microsphere,  This
researcll uses ceramic microsphere, Preparation
of cemen! slurry using microsphere 15 developed
in crder to give cortain values of cement shurry
shtic préssure having a low density which
nay infueace e suength-density ratio of the
ceroent. Microsphere owes some advantages
and disadvantages. the higher the composition
atf microsphere wads to reduce the density of
cerenl but it reduces the comnpressive strenpth
and shear boad strength as well

Expanding aditive of cemenis ineans that
expanding of cemcent rclative volume duc to
canent bulk expansion {Danjuschewski, 1983).
t is cavsed by:

38N UR5Q - 2552 1
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1. Chemical contraction that formed another
hydrated producton iquid phase condilion,
i.c. ervstallizing ol dissolved salt ac high
'.Slll;\l.'l':llllfc.
2. lhe presance of expanding matenals in
cotent surry hedors hardenad condition,
I.e sinie, perclase, CaSQ,, ete.
Y The presence al electralyvie around the
cement bulk afier the hardened condition.
The part 2 js murit condition that might bring
1o imecrcase the shear bond strength, and alse
the expansion effect could be coatrelied by
arranging the huming tempersimire and surface
arca uf the expanding matenials.
Duriag the imtenim, a number of expanding
additives  have become avallable  Jyomn the
service wdustry; wost af these ae patenied and
theretore wiknown composition and cfficacy.
Cunder borchale conditions, many of the known
additives. such as powdered alomunium i
crtringiteslimning, products, picsent prahlems
with raspeet @ affectovity ar controllability,
or both, because of the expansion mechanism
mvalved. Even under aonaspheric conditions,
several cementy o nan exhiba any expansion
at all. bur merely o decresss m volumeric
shrinkage.
Danmschewski) in 1980 propossd Lime and
pericase as expamdimig  additives 1w croale
expanding cement. He found the oxpansion
effect mure than 1% and up o 25% in spevific
contaipn. Several other ivestigations also had
been conducted on the effectivity of axpanding
cements based on lhese caleiurn and inaggnesium
oxidc additives Both materials are chavacrerized
Iy e capubility of walueacing the reactivity
and thus the swelling behavior by way of she
reanatacring pracess.
nghastnially, fime and periciase are  usually
manufactueed by calanng  of  calcium
und magnesium - carbonales  {liberation  af
CO,, decacsdification). ln conirast to other
eapanding  achlitives,  Tieoe  and  penclase
provide two possibilities of infuencing the
jervuvity (hychation activity) by ieans ol the
maaufaclunng process.
Duecrcasing the reactivity by anctoasing the
calcinieg temperature dlurirg manudiciere of
the swelling zdditive, as well as, Increasing the

KRT. Nur Subascatve
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reactivity by augmenting the specific surface
arca of finzness durng gending af the swelling
additive.

3.DESH:N EXPERIMENTS

i

Dasign Simujator Curing Chamber
The specification was designed a physical

simuldator model as a modibeation of pressure
curing chamber that could be operated under
350¢C operating wmpersfure and 3000 psi
apergting pressure, sce Figure 4. The advaotages
of the simulator. besides could handle Jacge
asnarunt of saople (30 samples). it was designed
that could be vpereted using tommation water
toth from oil-gas fedd or geotheral field. It
was also equipped with CO, and H S injection
appliance.

The maw parts of simulator are listed

heliva:

bz

LIV S

Simulator tubes were eyuipped with heater
and theanocoupie.

dMaximator pump, pressure source that
caould supply hydraulic pressure up to
6300 psi.

Safety valves and ruptore disc.

Formation fluid injector

Automatic thermo controller.

Gas injection Aow meéter,

Ouitdet eachanger and rescrvour chamber,
Manometer and in‘oul simulator liguid gas
regulator valves.

The test required 3 types Of specimen

molds as cement slurry chamber that should be
treated dunng bhardening. The specunen raofds
describe as referred to below:

Cubic 1vpe, with dirnensions 2" x 27 x 2%, to
deteruune the tensile and compressive suength
af the cement

Cvlindrical type, with ¥ diameter and 2" height
1w determiine the shcar bond strength belween
coment-casing and  alsa (o neasure  cement
¢asing-npermeability. The specumen mold necds
chamber caps when it i§ placed into simulatar.
{'ybndsical type, with 1" diameter and 2.5
height. This specnnen meld contains & cement
chambers, The ¢ement spectmens are used to
determine both cement permeability snd the
cumpressive strength.

All thyose specimen molds are destened  Lhad
could be run simultancousiy in the simulator at
given well condition.

Comprzssive strength value is calculaled wieth
the fellowing “ormula:

Cy= k. P{ALALY (1)

where,

CS s compressive strenglh, pst

P » maximum load, pst

Al : hydraulic montar’s heating block
CIOSS 5CC(10D arca, 1n

A2 s cement core’s Cross section area, in

k ; correction constant, function of
neight (1) and diamerer {d) ratio. scc

Table].

Shoar bond strength is calculared using the
fallowing formula:

SBS=PiAl:x Dby (&)
Where. STV sheavbend arengnh, pren {

I * strain axionuem load. psi

A  LLMILAL CUNC'S CTUMS SCUUIMNL 45T, L

H .eemenl cove’s beight, in

D * dinmeter core, ik

Table |. Relauons of constanta and lvd
.|

v Krestusts (}}
10 10
11§ 0%
15 0
1% 091
140 : 0
e

3.2. Dcsign of Laboratories Works

bl AP i IV W AR T

Figure 1. Sampling Additive Local {penicalse)

KRT. Nur Suhascaryo



State of The Arts [light woighl cenkent)

Figure 2, Dsign of Light Weieht Cement

L

Figure 3. Based uf Burned Additives
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Fipure 4. Actvasion Proveess

Uji Kualitas Semen Membatu

[ N

Figurz 5. Laboraties Experimenl
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4. RESULTS AND DISCUSSIONS

For the expenment lsbomtorics, that
cement slurries and hardener saw loliowed on
Tabte 2 and Appendix.

For Table 2, The API spec or ASTM spec
has beenbased of value of finnenes a pawdvr great
than 25800 ewn’/gr from test bein permeamcter,
the strengths of hardener cement s good bonding
and the powder 1y Annencs great that valuc.,
From Appendix toup 5. the density of based
camenl 15 159 ppg and aller added silica Aour
changes 15,3 ppg, so on the light weight cement
15 | 1.7 ppp. that's value up compare with Figure
2,. The strength such upper 500 psi.. it is himited
bascd valuc cowmpressive strength, the resulcs
sec o Apperul:x 4. The thickeoing tme from
mcasursd by atnospheric consistometer T0-100
L' dre between 73103 minutes on expanding
additives 35 add CaO 3 % concentration, and 935-
125 minutcs after added MgO 3%. On hinued
value 3s up 120 manutes strength up 500 psic The
vilue of permecakbility is 0,193 md, it mean 1s the
siimilary than silica cement is a goad if coraparg
based of cemment (sec Appendix 3}, The cffect of
LWA addidve and nucrosphere is to be changer
mineral tohermante 11 A w clyno whermonte,
sec Appendix 5,

Table 2. The finneness of local additives

Poate' of Wadngs i
i
S0 Davert f30
Smke | T ST
listed | ms
Prress lecd | B
5. CONCLUSIONS

For resulis and discussions can be take of
several conclusions @
1. The eMect al light weighe additive (T WA)
periclase (Jocal) 1o cawsed reducing of
density and screnprth.
The hardencr of coment is best boeause
uapcrmeable, thickening time is reliable
on hased range 75 =125 minutes, and
creale mineral ¢lyno wbenmorite.

*J
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Appendix 1. The Density of cement slumics and local additives

. Dumelty
No- Conapnaliign Models oy
U1 ) Uasd Canenl J'owder AW
02 [ S:leca Fiaur Paweer X224
03, | Lung Pawater [ ecal 14740 z1.32
04, | Puriclase Pawder Lol (hlgeO 29.16
06, | Zased af ( emam Ny (H') R
W, | Silicn v 2ncenl Slimy cSLh PR
07 | SC - Periclues Cowdl 3% 15.€0
N | SO~ Poneclasa Lewy? 5% 15 k1
var, [ SC = Lime Lual 3% (RN
L S0 Lewe Lpeal 8 15 5%
th | SO Micraephere « 2ericluye Locur 380 | 1378

2. | sc Microsplicre ¢ Prrictase Lecal 5% | TT2E

| 13, | SU Migiosphere + 7 okt | geal 3, i Tl:

14, | SU Mhgosphers v i Lawal ot 175

Appendiz 2. Thickenioy thoes

Data Ultra Permeabilitas Test

Core Lob laslvurmeints lwww Coreinst contp

Note: Thes ¢ #part Gan 0O opancd o MiCeasch Enle for sdarg

2 2. )itraparm Report

(" TV

1"

Onars
14

T L Lo O

==

er Y| a3 Lo 0| Tairay G sttt [VRL: 20 yucy [0 HS o1 a3 . [ i
|1om c5% 3mo ¢ 3357040 3.3 [0 140 1oz T2 1>x  |COz23
ormSITZy (25081228 (6930 300 vdb |13 [z 112G Joga  [023T 13000
AN 125X ze.5 0872 200|147 122 @ 72 1336 [Doe G20 15007
4 matyd. M 2(2‘. Qe.d  |uwdd P00 el 1% a3z |1MG 021 C.igh 15900
3 32Te 2537|265 GBSO PO |40 A 1472 432G D02 C.185 1599 |
l 1 l j
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Appeadix 3. Permeability wst

T n . JiCompresssive | Shearbond,
' Gomposmon | Conditioning ‘|- - strength smgng'lh '
‘Models . - | Time'{ howrs)| - ~(psi) psi)
Silica Microsphere 24 2615 1087
Cement (SMC) + 72 305¢ 1027
Penclase 3% BWOS 16K 3627 1294
Silica Microsphere 24 2744 1179
Cement {SMOY+ 72 3020 992
Periclase 5% BWOS [ 168 106 1236
Stlica Microsphere i 24 689 B73
Cenent (SMC) | Lime 72 891 427
3% BWQAS 168 TG (RIS
Sitica Microsphere 24 J506 02
Cement SMC) + Lime 72 3541 665
it
5% BWOS 148 3505 102K

Appendix 4. Result of Strengths on Compaesition Madels Cement

- -

oo\
% S

JYERC-II00 Series

Hasil Ui SEM SC + Expanding #03

AEOL
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