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Physical and mechanical properties of polymer cement slurries and cement stone are studied. The goal of the work is to improve the
quality of completion of productive formations by development of polymer cement mixtures with improved structural and mechanical
characteristics of a cementing slurry and cement stone. During the completion a special attention is paid to the preservation of well
cement stone quality. So, there is a brittle fracture of the cement stone occur because of the dynamic loads caused by cumulative and
bullet perforation, as well as the torpedoing of casing strings. Using such methods of well completion a cement stone can be destroyed
both in perforation intervals and in places of bridges that separate productive layers from aquifers. The consequence of that opening is the
accelerated growgh of water cut of wells. Despite the high technical level of new types of perforators, they are not widely used in drilling
of oil and gas wells because of the large time and metal consumption of the work performed and, consequently, high financial costs of
their use. It is known that the integrity of the cement stone is ensured at perforation during the transition of the coagulation structure of a
cement suspension to crystal one. For a normal cement slurry (water/cement = 0.5) that moment occurs relatively quickly (7-15 h), which
is not enough for perforation operations. In order to modify the properties of a cement mixture the compositions of cation-active
surfactant (catamine) and non-ionic polymer (polyvinylpyrrolidone) were chosen. Results of experimental studies show that the input of
these agents into the composition of a cement mixture leads to an increase in spreadability of a cement slurry (more than 25 cm by the
cone of Azerbaijan Scientific Research Institute), time of its bondability, strength of a cement stone for compression (200 % after 28 days
of hardening) and bending (250 %), adhesion of cement stone to metal (by 80 %) and time of coagulation structure setting. In addition,
plastic properties of the developed cement slurry are retained for more than 19 hours. The influence of the agent (defoamer T-66) on the
rate of cement stone strengthening is determined. It is shown that input of a nonionic high molecular polymer reduces the rate of the
formation of crystal structure in a cementing mixture.

Hccnenyrotest (pU3HKO-MEXaHUYECKUE CBOMCTBA MOIMMEPLEMEHTHBIX TAMIIOHAXKHBIX PACTBOPOB M L[EMEHTHOro KamHs. Llens
PaboThI — MOBBIIICHHE KAYECTBA BTOPUYHOTO BCKPBITHS MPOAYKTUBHBIX ILIACTOB IyTeM Pa3pabOTKH MOIMMEPLIEMEHTHBIX CMeCeH
C YIy4IICHHBIMH CTPYKTYPHO-MEXaHUYECKHMMH XapaKTePUCTHKAMH TaMIIOHAKHOTO DAacTBOpa M LEMEHTHOro KaMHs. IIpu
MPOBE/ICHUN BTOPUYHOIO BCKPBITHS MPOMYKTHBHOTO ILIACTa 0CO0OC BHHMAHHME Y/CIACTCS COXPAHEHHIO KayecTBa Kpemu
CKBXHMHBL. Tak, M3-3a AMHAMHUYECKMX HArpy30K, MPOMCXOMIIIMX B Pe3ysibTaTe IPOBEACHHS KyMYJSITHBHOW M ITyJEBOH
nepopaliiy, a TaKKe TOPIEIUPOBAHUS 00CAHBIX KOJIOHH BOHUKAET XPYIKOE Pa3pyIICHHE TAMIIOHAKHOTO KaMHs. IIpn Takux
croco6ax BTOPUYHOTO BCKPBITHS LIEMEHTHBIN KaMEHb MOXKET Pa3pyIaThCst HE TOIBKO B MHTEpBaiax nepdopari, Ho U B MeCTax
MepeMBIYEK, OTAC/SIOMMX MPOAYKTHBHBIC IUIACTBI OT BOAOHOCHBIX. CIIGACTBHEM TAaKOTO BCKPBITHS SIBISIETCS YCKOPEHHOE
o0BojHeHHe cKBaXkKHH. HecMoTpsi Ha BBICOKMI TEXHMYECKHI YPOBEHb HOBBIX BHIOB Iep(hopaTopoB, OHH HE HAXOIAT IIMPOKOTO
MPUMEHEHUsT TIpH OypeHNH HEe(TAHBIX U Ta30BbIX CKBAKMH M3-32 OOJIBIIMX 3aTPaT BPEMEHH M METaIOEMKOCTH IPOBOAMMBIX
pabor, crefoBaTenbHO, OOMBIIMX (DMHAHCOBBIX 3aTPaT HA MX HCIONB30BaHUE. VI3BECTHO, YTO LETOCTHOCTH LIEMEHTHOTO KaMHS
obecrieunBaeTCs NPU TPOBEACHUH Tepdopaluy B MEPHOA Tepexosia KOarysLHOHHOH CTPYKTYphl TAMIIOHKHOW CYCIICH3UH
B KPHCTAJUTH3ALMOHHYI0. 715l HOpMAJIBHOTO TAMITOHaKHOTO pacTBopa (Boaa/ueMeHT = 0,5) 3TOT MOMEHT HACTYIaeT OTHOCHTEIILHO
6bIcTpO (7—15 1), 1 ero He XBaTaeT /I NpoBeneHHs nephopaoHHbIX paboT. C LeTblo MOAM(DUKALII CBOHCTB LIGMEHTHOH CMECH
ObLIH BBIOpAHBI KOMIIO3UIMH KATHOHAKTHBHOTO MOBEPXHOCTHO-AKTHBHOTO BEIECTBA (KaTaMHMHA) ¥ HEHOHOTGHHOTO TOJIMMepa —
TOJIMBHHIIINPPOJIMIOHA. Pe3ybTaThl SKCIIEPUMEHTATIBHBIX UCCIICIOBAHUH TOKA3bIBAIOT, YTO BBOA JAHHBIX PEAarcHTOB B COCTaB
LEMEHTHOH CMECH TIPUBOAUT K YBEIMYCHHWIO PACTEKaeMOCTH TAMIIOHQKHOTO pacTBopa (Oombmie 25 cM 10  KOHYCY
A3ep0Oaif/pKaHCKOrO  Hay4YHO-HCCIIC/IOBATENIbCKOTO MHCTUTYTA), CPOKOB €r0 CXBAaThIBAHMS, IPOYHOCTH I[EMEHTHOrO KaMHs Ha
oxatre (200 % mocne 28 cyTok TBepaeHust) 1 H3rHo (250 %), cleruieHus eMEeHTHOro KaMHsi ¢ MetaiuioM (Ha 80 %) U BpeMeHH
Habopa KOAary/sLHOHHOW CTPYKTypbl. Kpome 5TOro, miacTHyHbIe CBOMCTBA pPa3paGOTAHHOTO TaMIIOH&XXHOIO pPacTBOpa
coxpanstirotest Oonee 19 4. OmpeseneHo BiusHue peareHta (meHoracutensi T-66) Ha HMHTEHCHBHOCTH Habopa HMPOYHOCTH
LEMEHTHOTO KaMHs. IIoka3aHo, 4TO BBEJCHWE HEMOHOTEHHOTO BBICOKOMOJIEKY/ISIPHOTO IOJMMEpPA CHIDKACT MHTCHCUBHOCTH
(hopMHUPOBAHKS KPUCTAILTHYECKON CTPYKTYPBI B TAMIIOHAKHOM CMECH.
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Introduction

Today a special attention is paid to maintaining
the quality of well casing during the well
completion [1, 2]. Due to dynamic loads that occur
as a result of cumulative and bullet perforation, as
well as torpedoing of casing columns, brittle
fracture of a cement stone appeare [3, 4]. Such
methods of well completion can cause destruction
of a cement stone both at intervals of perforation
and in places where bridges separate productive
strata from aquifers. Accelerated increase of well
water cut is the consequence of that.

In order to prevent cement stone from
appearance of cracks during the well completion
new types of perforation (drilling, hydraulic
sandblasting, hydromechanical etc.) are used. Such
methods affect the state of casing least [5, 6].
Despite the high technical level of the new types of
perforators, they are not widely used in oil and gas
wells due to the large time, metal consumption (a
large number of supplementary units, connection
points etc.) and, therefore, large financial costs on
their use.

One of the most promising ways to preserve
the integrity of cement stone during the perforation
is to control the physical and mechanical properties
of cement stone by input of various chemical
reagents including polymers into cement
compositions [7]. High efficiency of such systems
is determined by the ability to form a strong, high
adhesion stone during the hardening, thereby
contributing to an improvement in the quality of
separation of productive formations. However,
despite the high strength characteristics of cement
stone, full preservation of casing integrity during
the perforation is impossible.

It is known [8, 9] that the perforation of the
productive formation is carried out when the
cement stone has gained a certain strength, when
destruction is happens under the influence of
dynamic loads on the formed stone. In our case,
the problem of brittle fracture of the cement stone
during perforation is solved by selection of time of
shooting operations. According to the principle of
the proposed procedure well completion should be
carried out during the period when a cement slurry
gather plastic strength, i.e. at the stage of transition
of a cement slurry into cement stone.

However, the time required for conventional
Portland cement slurry to obtain plastic strength is

too small and it is often not enough to lower a
perforator and perform well completion. One way
to increase the time of the set of plastic strength is
the input of various surfactants (surfactants) into
the cement composition [10].

So, it is important to study the effect of
polymers on the processes of structure formation
of a polymer-cement slurry as well as other
rheological and physical and mechanical properties
of a slurry suspension and stone.

Materials and reagents

Studies and analysis of various polymers,
plasticizer agents input to the slurry suspension as
inhibitors for strengthening of cement mixture
were carried out in order to obtain a cement slurry
with required plastic properties [11, 12]. There was
a variety of surfactants tested both non-ionogenic
and ionogenic, including cationic and anionic. For
different reasons (such as high cost, instability of
properties, toxicity etc.) domestic polymers were
chosen as plasticizer reagents that are as follows:
low molecular weight cationic alkylbenzylmethyl-
ammonium chloride (molecular weight 360) and
nonionic high molecular weight polyvinylpyrroli-
done (PVP) (molecular weight 4 600 000). That
reagents are translucent colorless liquids with full
solubility in water, resistant to salts of polyvalent
metals, mineralized water and high temperatures
(up to 100 °C).

Experimental studies of physical
and mechanical properties
of a cement slurry and cement stone

The studies carried out to learn the plastic
strength of a polymer-cement solution containing
alkylbenzylmethylammonium chloride showed that
at a concentration of 0.1-0.3 % of the weight of the
cement, time for plastic strengthening increases by
1.5 times compared to the conventional PTC-100,
while preserving the rheological properties (Fig. 1).

As can be seen from the Fig. 1, plastic strength
set time is divided into three stages such as stage I
for the time reqired for coagulation structure of the
cement slurry to set. Due to unbound water in a
system that structure ensures iflow of the slurry to
the perforation holes. The stage II corresponds to a
period when coagulation structure of the cement
suspension transits into the crystallization one.
At this period the cement slurry gains plastic
strength but has not yet formed a crystalline
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structure. At this time cumulative and bullet
perforation is most beneficial due to the plasticity of
a cement slurry, since there is no brittle fracture of a
cement system. The stage IIl corresponds to the
time when cement stone gains a crystallization
structure. A perforation carried in this period leads
to the brittle fracture of the casing in the annulus.

25

I stage II stage

—_ )
W [e)

Plastic viscosity, kPa-s
S

0 100 200 300 400 500 600
¢, min
=] —=2 3

4 =5

Fig. 1. Dependence of plastic strength of a cement
slurry with a plasticizer reagent on hardening time:
1 — PTC-100; 2 — PTC-100 with reagent catamine,
0.1 %; 3 — PTC-100 with reagent catamine, 0.2 %;
4 — PTC-100 with reagent catamine, 0.3 %; 5 — PTC-100
with reagent catamine, 0.2 % + PVP reagent, 0.2 %

It can be seen from the graph, that the basic
cement slurry with a water/cement ratio of 0.5 is
gains plastic strength much faster compared to the
polymer-cement suspension. This time is often not
enough to conduct cementing works. Besides, by
the time of completion the slurry is finally
converted into a low permeable hard cement stone,
which leads to brittle fracture of the casing during
perforation jobs. Increase in time when formation
of cement stone starts allows reducing the
destructive effect of cumulative and bullet
perforators. A mixture of alkylbenzylmethyl-
ammonium chloride and PVP at a percentage
concentration of 0.2 % by weight of the binder
increases the plastic strength of a cement slurry in
1.8 times.

However, determination of the plastic strength
set time does not give a complete picture of
kinetics of the structure formation of a cement
stone. In this regard, consistency parameters of a
polymer cement slurry were studied (Fig. 2).

Cement slurry solidification curves reflect that
in early stages of structure formation the body of
the base cement slurry with a water/cement ratio
of 0.5 is higher than a solution with catamine
input. However, after that a base solution body

continues to decrease, a slurry with reagent input
remains fairly stable (about 60 rel. units of body).
The same is observed when a high-molecular
PVP is input to the polymer-cement mixture.
A mixture body remains sufficiently stable up
to 9 hours longer than in a conventional
cement slurry.
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Fig. 2. Graph of dependence of change in the
consistency of cement slurries on time: / — portland
cement-100; 2 — portland cement-100 with 0.2 %
of catamine; 3 — portland cement-100 with a polymer
mixture of 0.2 % catamine and 0.2 % PVP

1300 1500 1700

Increase in system stability is caused by slow
formation of a crystalline structure of the formed
slurry suspension. As a result, plasticity strength of
the polymer solution increases in comparison with
conventional sement slurry.

When cementing a well it is also necessary to take
into account such a property as the mobility of a cement
slurry that characterizes the possibility of pumping,
determines the amount of hydraulic resistances when
cementing and features of behavior of a slurry when
filling the channels. In practice, the mobility is
estimated from spreadability of a cement slurry [13].

Conducted experimental studies showed that
imput of a reagent-plasticizer of catamine
(alkylbenzylmethylammonium chloride) to the
slurry suspension substantially increases the
spreading of the solution (Table 1).

As can be seen from the table, input of high
molecular PVP polymer into the polymer-cement
mixture slightly reduces system mobility, but
remains within the normal range.

The studies conducted showed that the polymer
catamine increases the time required for a slurry to
solidificate, and solidification time increases by
20 % when a high-molecular PVP is input to the
mixture (Table 2).
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Table 1
Results of the cement spreadability test

Type of solution Spreadability, cm

Portland cement-100 22
Portland cement-100 + catamine, 0.1 % >25
Portland cement-100 + catamine, 0.2 % >25
Portland cement-100 + catamine, 0.3 % >25
Portland cement-100 + catamine, 29
0.1 % +PVP,0.2 %

Portland cement-100 + catamine, 23
0.2 % +PVP, 0.2 %

Portland cement-100 + catamine, 23
0.3 % +PVP, 0.2 %

Portland cement-100 + catamine, 71
0.1 % +T66, 0.1 %

Portland cement-100 + catamine, 71
0.2 % +T66,0.1 %

Portland cement-100 + catamine, 20
0.3 % + T66, 0.1 %

Portland cement-100 + catamine, 0.1 % + oil 22
Portland cement-100 + catamine, 0.2 % + oil 22
Portland cement-100 + catamine, 0.3 % + oil 22

Table 2

Solidification time (beginning and end)
of cement slurries

Composition Beginning of End of

of cement material solidification, h |solidification, h
Portland cement-100 10 20.3
Portland cement-100 +
+ catamine, 0.1 % 12 213
Portland cement-100 +
+ catamine, 0.2 % 12.8 22
Portland cement-100 +
+ catamine, 0.3 % 13.2 23
Portland cement-100 +
+ catamine, 0.2 % + 13.3 26.3
+PVP, 0.2 %
Portland cement-100 +
+ catamine, 0.1 % + 10.5 20.5
+T66, 0.1 %
Portland cement-100 +
+ catamine, 0.2 % + 12 21.5
+T66, 0.1 %
Portland cement-100 +
+ catamine, 0.3 % + 12.5 22.5
+T66, 0.1 %
Portland cement-100 + 13 2
+ catamine, 0.2 % + oil

Increase in solidification time of the polymer-
cement suspension, that includes alkylbenzyl-
methylammonium chloride and PVP, is explained
by hydrophobization of cement clinker which leads
to cement hydration slow down.

It is known [14-18] that the majority of
surfactants (both ionic and non-ionic) have a
significant disadvantage such as foaming of water-

based cement slurries. That negatively affects the
strength of a cement stone due to a formation of
large porosity in a system. There is a deterioration
of the quality of inter-layer insulation in wells as a
consequence. In this connection, it is relevant to
study the reduction in the foaming of a cement
slurry by input of various defoamers into the
composition of a cement slurry. According to the
analysis of reagents of both domestic (coal,
T-66 etc.) and foreign (phenylamine, siloxane etc.)
production it is showed that the economic and
quality indicators among the variety of reagents the
most advantageous is the reagent T-66 (pine oil).
The foaming significantly decreases, and
completely disappears in the oil environment when
the content of T-66 in the polymer-cement mixture
is 0.1 % to the weight of dry cement.

Experimental studies have shown that the input
of a reagent T-66 into the polymer-cement slurry
suspension does not significantly affect the
rheological properties (see Table 1).

As can be seen from the Table 1, the input
of the defoamer T-66 or oil into the polymer-
cement mixture slightly reduces the spreadability
of the polymer cement test. The decrease
in spreadability of the polymer-cement slurry,
in which the defoamer is presented, is explained
by decrease in surface tension of the polymer
reacting with cement clinker. That reduces the
size of hydrate cover of polymer substance around
the crystal, and most of the cement hydrates
with water, which decreases the mobility of a
suspension.

Defoamer T-66 reduces the solidification time
of polymer-cement slurry by 15 %. Input of the oil
emulsion into the slurry suspension does not affect
the solidification of solution (see Table 2).

Analysis of the data of Table 1 and 2 shows
that the proposed T-66 reagent reduces the
foaming of the polymer-cement suspension and
does not change its rheological properties.

The properties of the polymer-cement slurry
depend on conditions for solidification of a cement
slurry, which are determined by the environment
temperature [19]. In our case, conditions were
simulated. There were productive strata with mean
temperature regimes (20, 40, 60, 80, 100 °C) under
conditions.

Cement slurries that are tempered on water
and commonly used for cementing of productive
formations of oil wells, an amount of water input
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during tempering is enough for complete
hydration reaction. However, in the porous
medium of the productive formation water can
flow deep into the formation. That stops
hydration reaction and change the structure of a
cement stone [20-22]. In this regard, the effect of
low and high molecular polymers on flow
properties of a cement slurry with a water/cement
ratio of 0.5 was studied (Fig. 3).

40

35

0 20 40 60 80 100

Fig. 3. Dependence of fluid loss of cement slurries on
the concentration of plasticizer reagents: / — Portland
cement-100; 2 — Portland cement-100 + catamine, 0.1 %;
3 — Portland cement-100 + catamine, 0.2 %; 4 — Portland
cement-100 + catamine, 0.3 %; 5 — Portland
cement-100 + catamine, 0.2 % and PVP, 0.2 %

It is known that a high flow index in cement
slurries is undesirable, so the task was to reduce
the value of fluid loss, as well as to increase the
sedimentation time of the polymer-cement
suspension. Input of catamine reagent in the
cement slurry increased the water loss, however,
PVP stabilizes the system and flow rates are
reduced to 30 % compared to the cement slurry
where catamine is presented in amount of 0.3 %.
Cement slurries remain sufficiently stable in the
sedimentation ratio (Table 3).

Table 3
Water loss of cement suspensions

Composition of cement material Water loss per 3 h, %

Portland cement-100 2.1
Portland cement-100 + catamine, 0.1 % 2.3
Portland cement-100 + catamine, 0.2 % 2.5
Portland cement-100 + catamine, 0.3 % 2.6

Portland cement-100 + catamine, 21

0.2 % +PVP, 0.2 %

Cement  slurry  hydration is  usually
accompanied by repackaging of the water
molecules adsorbed on cement particles, which
results in a change in volume of solidificating
cement stone. The specific surface of hydration
products is 3-4 orders of magnitude higher than the
specific surface area of the initial binder.
Chemically bounded water takes up less volume
than the free one. As a result, there is a volume
change, called contraction, is observed, which is
approximately equal to the volume of water that
has entered into a chemical reaction when the
binder interacts with water and crystalline hydrates
(neoplasms) are formed [23-25].

According to V.V. Nekrasov [26], it is possible
to apply with good accuracy the estimated
contraction value equal to 7-9 ml per 100 g of
cement for the majority of Portland cements. The
Fig. 4 shows the values of contraction developed
by cement slurries with different percentages of
polymers in a system. For example, PTC-100 has a
water/cement ratio of 0.5. Contraction reaches
47 % of the limit value by 28 days and slows down
significantly after. Due to the fact that initial
polymers input to the cement mix increase the
hydration time of the Portland cement clinker,
contraction reaches 50-56 % (depending on the
percentage of polymer in the plugging mixture) by
28 days of polymer cement stone solidifiacation.

60

50

40

30

20

10

Contraction of cement stone, %

0 5 10 15 20 25 30
t, days

-] —2 3 4

Fig. 4. Dependence of the value of cement stone
contraction on percentage content of the reagent-
plasticizer of catamine: / — Portland cement-100;
2 — Portland cement-100 + catamine, 0.1 %;
3 — Portland cement-100 + catamine, 0.2 %; 4 — Portland
cement-100 + catamine, 0.2 % and PVP, 0.2 %

Results of experimental work show that the
longer the process of hydrating cement clinker the
higher is the contraction effect for a cement slurry.
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Operation of oil and gas wells requires
stable work of casing which is resistant to
increased external and internal pressures. That is
ensured by the formation of a continuous cement
ring with certain physical and mechanical
characteristics, one of which is the strength of
cement stone [27, 28].

Mechanical strength of the casing depends on a
number of factors such as type of a cement, water-
cement ratio, presence of chemical additives,
conditions of solidification [29].

There were experiments conducted in order to
determine strength values of the formed cement
stone for compression and bending (Fig. 5).

9

N W A Y O

Compressive strength, MPa

0 5 10 15 20 25 30
t, days
—-—] 2 3
Fig. 5. Dependence of strength of a cement stone
for compression on the content of polymers in its
composition: / — Portland cement-100; 2 — Portland
cement-100 + catamine, 0.1 %; 3 — Portland cement-
100 + catamine, 0.2 %; 4 — Portland cement-100 +
+ catamine, 0.3 %; 5 — Portland cement-100 + catamine,
0.2% +PVP,0.2 %

4 —e—35

As can be seen in the Fig. 5, the strength of the
stone for uniaxial compression, which contains
catamine reagent-plasticizer, is higher by 110-
180 % depending on the percentage of the reagent
and continues to grow. However, input of the
reagent-defoamer (T-66 in our case) into the
polymer-cement slurry sharply increases the
strength in initial period of formation of the
cement stone (Fig. 6), solidification rate decreases
after 10 days and changes significantly. However,
in general, input of a defoamer reduces the strength
of a polymer cement stone by 5-10 %.

Such the phenomenon is explained by the fact
that the growth rate of the cement clinker crystals
is maximal on the first day of solidification of the
slurry suspension. Then, the dynamics of
formation of strong bonds decreases, while the

polymer-cement stone without input antifoam is
just beginning to gain maximum strength.
A polymer cement slurry, which contains the
reagent composition (catamine and PVP) is less
prone to accelerated solidification. That is
explained by the higher stability of the system to
the defoamer T-66.

The strength of a cement stone for bending was
studied untill the 28th day of solidification, since
during this period the strength of the polymer-
cement material still occurred (Fig. 7).
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Fig. 6 Dependence of strength of a polymer cement
stone with input of a defoamer T-66: / — Portland
cement-100 + catamine, 0.1 % + T-66, 0.1 %;
2 — Portland cement-100 + catamine, 0.2 % + T-66,
0.1 %; 3 — Portland cement-100 + catamine, 0.3 % + T-66,
0.1 %; 4 — Portland cement-100 + catamine, 0.2 % + PVP,
0.2 % + T-66, 0.1 %; 5 — Portland cement-100,
water/cement = 0.5
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Fig. 7. Dependence of change in the strength of a
polymer cement stone on bending: / — Portland cement-
100; 2 — Portland cement-100 + catamine, 0.1 %;
3 — Portland cement-100 + catamine, 0.2 %; 4 — Portland
cement-100 + catamine, 0.3 %; 5 — Portland
cement-100 + catamine, 0.2 % + PVP, 0.2 %
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It can be seen on the Fig. 7 that bend strength
increases by 128 % compared to the base portland
cement-100 (water/cement = 0.5) with input of
0.3 % of catamine. There is an increase in strength
by 165 % at concentration of catamine of 0.2 %
and 0.2 % of PVP reagent.

A completely different picture of the
solidification of a polymer-cement stone is
observed when a T-66 antifoaming agent is
injected into a cement slurry. There is an intensive
growth of cement stone strength during the first
five days of its solidification, after which the
crystal growth rate decreases and changes
insignificantly (Fig. 8).
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Fig. 8. Dependence of the bend strength change of the
polymer cement material with T-66: / — Portland
cement-100; 2 — Portland cement-100 + catamine,
0.1 % + T-66, 0.1 %; 3 — Portland cement-100 +
+ catamine, 0.2 % + T-66, 0.1 %; 4 — Portland cement-
100 + catamine, 0.3 % + T-66, 0.1 %; 5 — Portland
cement-100 + catamine, 0.2 % +PVP, 0.2 % + T-66, 0.1 %

That phenomenon is explained by the fact that
the defoamer increases the surface tension of water
(which explains the decrease in foam in the slurry),
and cement clinker particles react more rapidly
with a dispersion medium, as a result of which
intensive formation of the coagulation structure
and then rapid growth of the crystals in the system
are observed.

Input of PVP reagent into the polymer-cement
slurry allows to reduce the influence of the
defoamer (see Fig. 8) and reduce the intensity
of solidification. At the same time at the end
of 28 days the value of bend strength is 50 %
higher than for ordinary cement suspension
(in comparison with the base cement slurry).

It is known that the qualitative isolation of
productive formations and cementing of the well walls
depend both on strength of the cement stone and on
adhesion of the solidificating cement slurry and stone
with rocks and metal of the casing pipes [30].

Experiments conducted to study the adhesion
strength of cement stone with the metal (adhesion)
showed that the polymer catamine input to the cement
slurry increases the adhesion strength by 133 %
(Table 4) compared to the base Portland cement stone,
and the antifoaming agent T-66 significantly reduces
the adhesion properties of casing.

Table 4

Strength of adhesion of cement stone to metal

Adhesion of cement
stone with metal, MPa
3 days | 6 days | 8 days

Composition

Portland cement-100 2.5 3.2 3.8
Portland cement-100 + catamine, 0.1 % | 3.5 5.2 6
Portland cement-100 + catamine, 0.2 % 4 6.1 7.2

Portland cement-100 + catamine, 0.3 % | 4.3 8 8.5

Portland cement-100 + catamine,

0.2 %+ PVP, 0.2 % 52 | 86 10

Portland cement-100 + catamine, ) 16 14

0.1 % + T-66

Portland cement-100 + catamine,

0.2 % + T-66 25 2 1.8
Portland cement-100 + catamine,

0.3 % + T-66 28 2.1 2

Portland cement-100 + catamine,

0.2 %+ PVP, 0.2 % + T-66 6 >3 32

The highes adhesion of the polymer cement
stone is achieved by 8 days of solidification, after
which the adhesion strength changes insignificantly
and by the 28th day the difference does not exceed
7-9 %. So, the adhesion of samples, in which
the reagent-plasticizer of catamine and mixture
of PVP and catamine increases in comparison
with the base cement.

The highest adhesion is observed in the cement
stone, which contains a mixture of reagents
(catamine, 0.2 %, and PVP, 0.2 %), and is 192 %
relative to a usual Portland cement-100.

Conclusions

Based on the experimental studies conducted,
the following main conclusions can be drawn:

1. Results obtained allow to state the
effectiveness of carrying out perforating jobs
during the stage II of getting of plastic strength
of a cement slurry.
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2. That is possible to achieve the required time
for plastic strength to grow of a cemet slurry for
the successful perforation by the input of catamine
and PVP to a low molecular polymer of into the
cement mixture, when their concentration in the
solution is 0.2 % of the weight of the binder.

3. Input of the catamine reagent-plasticizer and
composition of catamine and PVP increases the

spreadability of the cement slurry significantly
(more than 25 cm).

4. Plasticizer reactants contribute to a
significant increase in strength of cement stone
for compression (by 200 % after 28 days of
solidification) and bending (by 250 %) and
increase adhesion properties of cement stone to
metal (by 80 %).
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