@ CSCanada

Energy Science and Technology
Vol. 6, No. 2, 2013, pp. 79-83
DOI:10.3968/j.est.1923847920130602.3004

ISSN 1923-8460[PRINT]
ISSN 1923-8479[ONLINE]
www.cscanada.net
www.cscanada.org

Applications and Study on Organophosphate Acids (Salts) for Oil Well Cement

Retarder

Ql ZhiGang®™"; ZHU Xiaoming™; CAO Huilian™

“Drilling Technology Research Institute, Shengli Petroleum Engineering
Co., Ltd., Dongying, China.

Exploration Project Management Department of Xinjiang, Sinopec
Shengli Oil Company, Dongying, China.

"Corresponding auhtor.

Received 1 August 2012; accepted 16 November 2013

Abstract

A synthetic cement retarder SDH-2 which provides
excellent retardation and compressive strength
development has been synthesized to be used in deep oil
well cementation. The response properties, temperature-
resistant and anti-salt properties, additive distribution and
compressive strength have been evaluated. It is showed
SDH-2 has good retarding ability to oil well cement
slurries at 40 to 204 “C. It is compatible with dispersant,
fluid loss additive and other additives to grade G oilwell
cement of various manufactures and can be used in
cementing process in the temperature of various depths in
oil well.
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INTRODUCTION

In recent years, as well depths become greater retarder
becomes more and more significant and the bottom hole
temperature and pressure have rised markedly. Precise
retarder response is difficult to attain at high temperatures
and many cementing slurries end up with thickening times
far in excess of what is considered good practice. So it is

increasingly difficult to deep well cementation. Meanwhile
high temperature causes significant changes of physical
and chemical properties of cement. So study on additives
of cement is imperative and the higher requirement about
retardant properties is requested (Huang, Xie, & Cali,
2003; Wu, 2000).

The function of cement set retarder is to effectively
increase the time the cement slurry remains fluid and
pumpable. When mixed at the recommended water to
cement ratio, an unretarded slurry containing API Class
H or G cement may be safely placed at a depth of 4,000
mm where the bottom hole circulating temperature is less
than about 130 C. However, at depths and temperatures
in excess of these limits, it is necessary to add chemicals
to prevent the slurry from setting prematurely. These
additives are especially important in deeper wells where
circulating temperatures can exceed 200 C.

Currently, domestic and international oil well cement
retarder includes tannin derivatives, lignite agents,
carbohydrates, boric acid and its salts, lignin sulfonate and
modified products, hydroxyethyl cellulose, carboxymethyl
hydroxyethyl cellulose, organic acids, synthetic organic
polymer, and so on (Liu, etc. 2001). But these retarders
either are only applied at low temperature, or at high
temperature; or the retarders are sensitive-usage, easy
foamy, side-effect. To make up for these deficiencies, an
excellent high temperature oil well cement retarder SDH-
2 has been synthesized with formaldehyde, fatty amine
and subphosphoric acid according to the Die Mannich
Reaction (Wan, 1986; Crump, et al, USP 4466836, USP
4468252, USP 4468252; Song, 1997). This retarder in
theory can be applied in 40-204°C temperature range, it
can be used at a high temperature of 170 ‘C under indoor-
evaluation. SDH-2 can effectively retard thickening
time of slurry, with good adjustability and adaptability
for oil well cement, ideal thickening curve, and good
compatibility with additives present in the slurry. In
addition, SDH-2 has advantages of less usage, salt-tolerant
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and high-temperature resistance. So it is an excellent high-
temperature oil well cement retarder.

1. REACTION PRINCIPLE

Mannich reaction, also known as methyl amine reaction, is
the asymmetric condensation process of three components,
the following is the Mannich reaction diagram.
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Figurel
Schematic Figure of Die Mannich Reaction

Figurel is a schematic figure of Die Manich Reaction,
but actual situation is much more complex than the
above-said the reaction process. SDH-2 is a Mannich
base, a product of Manich Reaction. It is synthetised by
different reactants in different pH environments through
different processes.

2. EXPERIMENT

2.1 Experimental Material
Amine (analytical reagent), phosphate (50%, analytical
reagent), formaldehyde (37%, analytical reagent),
hydrochloric acid(chemical pure), electroregulator,
electric blender, reaction vessel, thermometer, 0-SpH test
paper.

OWC-9360 slurry agitator, ZNN-Dg rotary viscometer,
OWC-9850

2.2 Synthetic Methods
The new retarder is a alkylenephosphonic acids (salts) of
amine, formaldehyde and phosphate in a certain molar ratio.
A certain amount of amine and formaldehyde was
reacted in a reaction kettle equipped with a condenser,
thermocouple, magnetic stirrer, heating mantle and a
dropping funnel. The pH of the solution was reduced to
a value of 1 by the dropwise addition of hydrochloric
acid to the aqueous polymer solution. While nitrogen was
bubbled through the mixture to eliminate any dissolved
oxygen therein. A certain amount of a 50% by weight
aqueous phosphate solution was dropped into the reaction
mixture over a period of 45 minutes. The reaction was
then allowed to proceed for three or four hours.
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2.3 Evaluation Methods

(a) Slurry performance was tested in accordance with
API Specification 10A “oil well cement norms”.

(b) The high temperature retarder evaluation was
conducted in accordance with oil and gas industry
standards “SYT5504-1996”.

3. DISCUSSION

3.1 Retardation

The data in Table 1 illustrate the excellent retardation
which can be achieved with the new retarder. One of
the most attractive properties is that this retarder can be
used from approximately 40 to 204 “C in theory, which is
unusual to say the least. Most high temperature retarders
(>148 °C) are much too sensitive to be used around 93°C.
In addition, many retarders which function well around
140°C may require excessively large amounts (5% or
more by weight of cement) when used at temperatures
approaching 170°C, if they will work at all.

We can see that the high-temperature oil well cement
retarder SDH-2 has better adaptability from 90 to 170 ‘C
without the use of an intensifier. In a certain temperature,
property of cement retarder SDH-2 is reproducible
increases in thickening times as the lever of retarder is
increased.

From Table 1, we can see that the organic phosphate
retarder remarkablly retardes the thickening time of
cement slurry and the transition time is short. SDH-2 has
a reasonable set time and right angle thickening. Another
property of the cement retarder SDH-2 is reproducible
increases in thickening time as the level of retarder is
increased. It is desirable. With the rise of temperature,
SDH-2 shows a good retardation and heat resistance.

Table 1
The Effect of the Retarder on the Thickening Time

No. Term Retarder Initial Transition Thickening
/CxMPa /% consistency time/min  time/min
/BC

1 90%0.1 0.08 6 15 134
0.16 6 25 165
0.20 6 22 202

2 12070 0.40 10 15 273

3 130%x70 0.60 10 20 335

4 140%x70 0.60 12 11 246

5 150%x70 0.80 10 12 300

6 160x70 1.20 6 24 289

7 170%x70 1.50 6 18 325

Evaluation term: Shengwei class G cement, W/C: 0.44,
Temperature: 95 C
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process and are disadvantageous to the construction
process. Therefore, we need to consider salt-tolerant
retarder. The property of this retarder is studied in the
different salt quantity (Figure7).

Figure 3 clearly demonstrates (1) the strong synergism
in retardation between salt and SDH-2 .As is known to
all, NaCl of greater than 20% (BWOW) has retardation
function, but NaCl of less than 10% (BWOW) has no
retardation and accelerating effect. Figure 7 shows that the
retarder can effectively reduce NaCl’s accelerating effect
on cement slurry. With the increase of NaCl amount,
thickening time has only little change, which shows that
the retarder have a good salt-tolerant property.
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The Effect of NaCl Usage on the Retarder

3.3 Compressive Strengths

Table 2
The Effect of the Retarder on Cement Compressive
Strength

Yo W e, R T
1 0.44 0.2 95x24 19.8
2 0.44 0.7 95x48 253
3 0.44 1.2 95%x48 21.8
4 0.44 0.0 120x24 18.0
5 0.44 0.4 120%x24 19.4
6 0.44 0.8 120x24 20.2
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Table 3 gives data for compressive strengths. These
excellent strengths at BHCT, combined with adequate
thickening times, were a major factor in encouraging
development of alkylenephosphonic acids from a
laboratory chemical into a valuable product. This retarder
nearly doesn’t impact on the compressive strength. Table
5 shows slightly increased strengths at 120 ‘C in 24 hours
to be comparable with clean cement slurry. This is because
C-P-O bond of the retarder has a strong sequestration with
Ca™, AI’" of cement slurry. It is difficult to make chelate
key fracture. And we do gain strength rapidly to a good
value in 24 hours. It is of great significance to increase
cementing quality.

3.4 Compeatibility

In oil and gas well cementing operation, not only cement
slurry is required to have adequate thickening time, but
also to reduce the loss of water filtrating formation, in
order to protect pay formation and improve the quality of
cementing. Meanwhile, most retarder can improve slurry’s
rheological property, but in order to have better slurry’s
rheological property, investigator must utilise dispersant,
which requires retarder to have good compatibility with
other additives .Therefore, the author studies synthetic
cement retarder’s compatibility with PVA-reducing agent
and the dispersing agent FHJZ.

Table 3
Compatibility of the Retarder and Other Additives

Additives/% Initial consistency/Bc Thickening time/min  Fluid loss/ml  Rheological factor
0.10SDH-2, 0.4SDJZ, 0.4PVA 6 133 60 0.72
0.15SDH-2, 0.4SDJZ, 0.4PVA 7 187 51 0.75
0.20SDH-2, 0.4SDJZ, 0.4PVA 6 223 44 0.78
0.30SDH-2, 0.4SDJZ, 0.4PVA 5 279 38 0.80

Evaluation term: Shengwei class G cement, W/C: 0.44, Temperature:

Table 3 displays rheology and fluid loss data on this
same basic slurry and on the effects of substitution of
two other additives. Note the reasonable rheologies
combined with moderate to very low fluid loss behavior,
particularly with the synthetic polymer fluid loss additive
“PVA”. On the other hand, at 95 ‘C, retardation response
is quite uniform with respect to SDH-2 concentration.
Lignosulfonate retarders are well-known to show very
non-linear response.

Phosphate retarder produces strong absorption
groups around cement particles through adsorption and
nucleation reacted with Ca>* or OH™ in aqueous phase of
cement slurry to form an insoluble non-permeability layer.

Table 4
Comparison With H and Other Retarder

95

c

Retarder, adsorbing in crystal nucleus of hydrates, inhibits
its further growth. Meanwhile retarder also strengthened
the bind between PVA latex and particles of cement,
strengthened the three-dimensional network structure and
reduced the water filtration.

3.5 Comparison With Other Retarders

Table 7 gives data for performance comparison with
SDH-2 and other retarders. At the same temperature,
SDH-2 has a smaller dosage, lower initial consistency,
good rheological property than the comparison goods.
In the same experimental program, SDH-2 increases the
compressive strength of cement than Al.

Temperature/’C Retarder Usage/%

Initial consistency/Bc Thickening time/min Fluidity /cm Compressive strength/MPa

H 0.15 12
110
Al 0.6 20
H 0.2 17
115
Al 0.8 16
H 0.3 15
120 Al 0.8 20
A2 0.8 24
H 0.4 14
125 Al 1.5 22
A2 1.0 27
H 0.45 15
130 Al 2.0 18
A2 1.2 23

190 25 -
206 24 -
230 25 -
248 25 -
278 25 18.5
168 25 18.0
234 22 -
255 25 19.8
313 25 18.25
224 23 -
270 25 19.25
220 24 18.87
288 24 -

Copyright © Canadian Research & Development Center of Sciences and Cultures

82



3.6 Field Application

By laboratory evaluation, alkylenephosphonic acids
(salts) retarder is up with an excellent high-temperature
performance, salt-tolerant and good overall performance.
And this retarder has been applied in ShengLi oil field,
such as Tuo76 Well, Fengshen Well and so on. Fengshen
Well belonges to a bad hole, with high temperature, high
pressure, gypsolith features. Gypsolith formation exists
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between 3200~3800m. Fengshenl is a prospecting well,
depth 4790m, well deviation 7.77 degree, cement point
2530m, geothermal gradient 3 ‘C/100m,B.H. temperature
169 C. The deep well cement system consists of
alkylenephosphonic acids (salts), fluid loss additive,
dispersant and other additives, as follows:

600g cement+200gSiO,+1.5%SDH-2+1.5%SDJ100 fluid
loss additive+0.6% dispersant+0.1% defoaming agent.

Table 5
Cement Record
Well No. Well depth/m Casing point/m p Cement/g-cm™ Cement point/m  Cement quality
Tuo76-10 4454 4446 1.9 1703 Good
Tuo764 4430 4368 1.8 1979 Good
Fengshen4 4622 4582 1.73 2121 Competent
Fengshen 3 5050 5038 1.3 510 Competent

The deep well cement system can adapt to gypsolith
formation and high temperature surroundings, job
implementation can be successfully carried on, and
cement job quality is also satisfactory. In addition, the
deep well cement system has been applied in oil field and
has taken a good cementing effect (Table 5).

Field applied data shows: The deep well cement system
which is made up of synthetic alkylenephosphonic acids
retarder resolves many problems, such as thickening time
is difficult to be controlled, or cement slurry retardant is not
consistent, etc. This system has a reasonable rheologies and
good salt- tolerant property. And cement slurry can gain
strength rapidly to a good value in 24 hours.

CONCLUSION

Unique synthetic cement set retarder is described which
provides reproducible, uniform thickening time behavior.
The alkylenephosphonic acids can be used at temperature
from approximately 90 to 170 ‘C without the use of an
intensifier. This unique characteristic makes the design of
high temperature slurries much simpler than for retarders
which require intensifiers. This new retarder allows
rapid compressive strength development compared to
conventional retarders.

Thickening time is not linearly but normally
exponentially dependent upon retarder concentration. The
cement slurries have not only good rheologies but also
low water-loss.
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The deep well cement system which is made up
of synthetic alkylenephosphonic acids retarder can
adapt to gypsolith formation and high temperature
surroundings, cementing operation can be successfully
carried on.
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