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Description 

 

Title of Invention: POLYVINYL ALCOHOL-BASED POLYMER 

 

Technical Field 

[0001] 

 The present invention relates to a polyvinyl 

alcohol-based polymer and a use thereof. 

 

Background Art 

[0002] 

 A polymer having a polyvinyl alcohol (PVA) skeleton 

(hereinafter, also collectively referred to as "polyvinyl 

alcohol-based polymer", "vinyl alcohol-based polymer", or 

simply "PVA" in the present specification) is known as a 

hydrophilic synthetic resin, and various uses have been 

developed by taking advantage of the characteristics. 

[0003] 

 Examples of the uses include an additive to oil well 

cement used for cementing oil wells, gas wells, steam 

wells for geothermal power generation, etc.  The oil well 

cement is mixed with water and other additives to form a 

slurry, which is filled in a gap between a steel pipe or 

casing and a well to fix and protect the steel pipe or 

casing.  It is therefore preferable that the cement 

slurry have high fluidity for easy filling.  Here, the 
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loss of water content from the cement slurry due to high 

pressure at the time of injection and heat in the ground 

is generally referred to as "fluid loss".  Fluid loss 

impairs the fluidity of the cement slurry, resulting in 

poor cementing and poor curing after curing of the 

cement.  Accordingly, a cement slurry usually contains a 

fluid loss reducing agent. 

[0004] 

 It has been proposed to use a polyvinyl alcohol-

based polymer as a main component of such a fluid loss 

reducing agent.  For example, in Patent Literatures 1 and 

2, PVA used as a fluid loss reducing agent is described. 

 

Citation List 

Patent Literature 

[0005] 

Patent Literature 1 

 International Publication No. WO 2007/146348 

Patent Literature 2 

 Japanese Patent Laid-Open No. 2015-196733 

 

Summary of Invention 

Technical Problem 

[0006] 

 In recent years, wells, particularly shale gas 

wells, have been mined deeper, so that pressure and 
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temperature conditions have become more severe.  However, 

the conventional PVA-containing fluid loss reducing agent 

has not yet achieved the fluid loss reducing performance 

required for the cement slurry injected under such severe 

conditions at high temperature and high pressure.  

Specifically, the conventional PVA-based fluid loss 

reducing agent melts at high temperature and is eluted 

into a well under high pressure conditions, so that the 

fluid loss reducing effect is impaired.  Therefore, PVA-

based fluid loss reducing agents are required to have 

resistance to melting at high temperature.  The present 

countermeasure is to increase the amount of conventional 

fluid loss reducing agent added.  However, the problems 

of decrease in fluidity and increase in cost due to 

thickening of the cement slurry resulting from the 

increased amount of the fluid loss reducing agent are 

unsolved. 

 

Solution to Problem 

[0007] 

 In order to solve the problems, the present 

invention can provide the following aspects: 

[0008] 

 A polyvinyl alcohol-based polymer, as a 

saponificated product of: 

 a homopolymer composed of a vinyl ester monomer; 



PCT/JP2021/026689 

- 4 - 

 a copolymer of a vinyl ester monomer and a 

monofunctional monomer other than the vinyl ester; 

  a copolymer of a vinyl ester monomer and a 

polyfunctional monomer; or 

 a copolymer of a vinyl ester monomer, a 

monofunctional monomer other than vinyl ester, and a 

polyfunctional monomer, 

 wherein the polyvinyl alcohol-based polymer has a 

particle size of 50 nm or more at a cumulative frequency 

of 50% in particle size distribution by dynamic light 

scattering measurement of a 0.4 mass% aqueous solution of 

the polyvinyl alcohol-based polymer at 25C. 

[0009] 

 In an aspect, it is preferable that the average 

particle size (median diameter) obtained from the dynamic 

light scattering measurement may be 60 nm or more.  

Further, in an aspect, it is preferable that the 1.0 

mass% aqueous solution of the vinyl alcohol-based polymer 

may have a passage rate for a 300-mesh filter (opening: 

0.045 mm) of 95 mass% or more in terms of solid content.  

Further, in an aspect, it is preferable that the 1.0 

mass% aqueous solution of the vinyl alcohol-based polymer 

may have a passage rate for a membrane filter having a 

pore size of 0.45 m of 10 mass% or less in terms of 

solid content.  Further, in an aspect, it is preferable 

that the vinyl alcohol-based polymer preferably may have 
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an average degree of polymerization of 2500 to 6000 in 

measurement according to the method described in JIS K 

6726: 1994.  Further, in an aspect, an additive for oil 

well cement containing the polyvinyl alcohol-based 

polymer may also be provided. 

 

Advantageous Effects of Invention 

[0010] 

 The polyvinyl alcohol-based polymer according to the 

present invention exhibits an excellent effect of 

reducing fluid loss even in a severe high-temperature or 

high-pressure environment. 

 

Brief Description of Drawings 

[0011] 

[Figure 1] Figure 1 is a graph showing a particle size 

distribution of the polyvinyl alcohol-based polymer in 

Example 2 in dynamic light scattering measurement. 

[Figure 2] Figure 2 is a graph showing a particle size 

distribution of the polyvinyl alcohol-based polymer in 

Example 3 in dynamic light scattering measurement. 

[Figure 3] Figure 3 is a graph showing a particle size 

distribution of the polyvinyl alcohol-based polymer in 

Comparative Example 3 in dynamic light scattering 

measurement. 

 



PCT/JP2021/026689 

- 6 - 

Description of Embodiment 

[0012] 

 Hereinafter, embodiments of the present invention 

will be described.  The following shows an example of the 

embodiments of the present invention, and the scope of 

the present invention is not narrowed thereby.  Unless 

otherwise specified, numerical ranges in the 

specification include the upper limit value thereof and 

the lower limit value thereof.  In the specification, a 

polymer is as defined by International Union of Pure and 

Applied Chemistry (IUPAC) Commission on Macromolecular 

Nomenclature, that is, "polymer molecule is a molecule 

having a large relative molecular mass and has a 

structure composed of a large number of repetitions of a 

unit that is substantially or conceptually obtained from 

a molecule having a small relative molecular mass". 

[0013] 

Chemical structure of polyvinyl alcohol-based polymer 

 The polyvinyl alcohol-based polymer of the present 

invention is a polymer produced by saponification of a 

homopolymer composed of a vinyl ester monomer, a 

copolymer of a vinyl ester monomer and a monofunctional 

monomer other than the vinyl ester, a copolymer of a 

vinyl ester monomer and a polyfunctional monomer, or a 

copolymer of a vinyl ester monomer, a monofunctional 

monomer other than vinyl ester, and a polyfunctional 
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monomer.  The polyvinyl alcohol-based polymer of the 

present invention has a polymer structure that can 

withstand high temperature/pressure intolerable for 

conventional PVA.  Having such a polymer structure may be 

determined from the particle size distribution of the 

polymer particles in a dilute aqueous solution thereof, 

and more specifically, ensured by the particle size 

within a specified range at a cumulative frequency of 50% 

in the particle size distribution of the PVA particles 

under specific conditions. 

[0014] 

 The present inventor has found that by controlling 

the structure of PVA, a particle size distribution 

unobtainable from conventional PVA may be obtained, so 

that the present invention has been completed. 

[0015] 

Preparation of polyvinyl alcohol-based polymer 

 Examples of the vinyl ester monomer described above 

may include vinyl acetate, vinyl propionate, vinyl 

butyrate, vinyl valerate, vinyl caprate, vinyl laurate, 

vinyl stearate, vinyl benzoate, vinyl pivalate, and a 

mixture thereof may be used.  Vinyl acetate is preferred 

from the viewpoint of easy polymerization. 

[0016] 

 Further, examples of monofunctional monomers 

copolymerizable with a vinyl ester monomer (that is, 
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monofunctional monomers other than vinyl ester) include 

the following compounds: an -olefin monomer such as 

ethylene and propylene; a (meth)acrylic acid alkyl ester 

monomer such as methyl(meth)acrylate, 

ethyl(meth)acrylate, butyl(meth)acrylate, and 2-

ethylhexyl(meth)acrylate; an unsaturated amide monomer 

such as (meth)acrylamide and N-methylol acrylamide; an 

unsaturated carboxylic acid monomer such as (meth)acrylic 

acid, crotonic acid, maleic acid, itaconic acid, and 

fumaric acid; an alkyl (methyl, ethyl, propyl, etc.) 

ester monomer of unsaturated carboxylic acid; an 

anhydrate of unsaturated carboxylic acid such as maleic 

anhydride; a sodium, potassium or ammonium salt of 

unsaturated carboxylic acid; a monomer containing 

sulfonic acid group such as 2-acrylamide-2-

methylpropanesulfonic acid or a salt thereof; and an 

alkyl vinyl ether monomer. 

[0017] 

 As the polyfunctional monomer copolymerizable with 

the vinyl ester monomer, a compound having two or more 

polymerizable unsaturated bonds in a molecule may be 

used.  Examples of such a compound include the following: 

a divinyl ether such as ethanediol divinyl ether, 

propanediol divinyl ether, butanediol divinyl ether, 

ethylene glycol divinyl ether, diethylene glycol divinyl 

ether, triethylene glycol divinyl ether, polyethylene 
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glycol divinyl ether, propylene glycol divinyl ether, and 

polypropylene glycol divinyl ether, and a divinyl 

sulfonic acid compound; a diene compound such as 

pentadiene, hexadiene, heptadiene, octadiene, nonadiene, 

and decadiene; a diallyl ether compound such as glycerol 

diallyl ether, diethylene glycol diallyl ether, ethylene 

glycol diallyl ether, triethylene glycol diallyl ether, 

polyethylene glycol diallyl ether, trimethylolpropane 

diallyl ether, and pentaerythritol diallyl ether; a 

triallyl ether compound such as glycerol triallyl ether, 

trimethylolpropane triallyl ether, and pentaerythritol 

triallyl ether; a tetraallyl ether compound such as 

pentaerythritol tetraallyl ether; a polyfunctional 

monomer containing an allyl ester group such as diallyl 

phthalate, diallyl maleate, diallyl itaconate, diallyl 

terephthalate, and diallyl adipate; a diallylamine 

compound such as diallylamine and diallylmethylamine, and 

a polyfunctional monomer containing an allylamino group 

such as triallylamine; a polyfunctional monomer 

containing an allylammonium group such as a 

diallylammonium salt such as diallyldimethylammonium 

chloride; a polyfunctional monomer containing two or more 

allyl groups such as triallyl isocyanurate, 1,3-diallyl 

urea, triallyl phosphate, and diallyl disulfide; a 

polyfunctional monomer having (meth)acrylic acid such as 

ethylene glycol di(meth)acrylate, diethylene glycol 
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di(meth)acrylate, triethylene glycol di(meth)acrylate, 

polyethylene glycol di(meth)acrylate, propylene glycol 

di(meth)acrylate, polypropylene glycol di(meth)acrylate, 

glycerol di(meth)acrylate, glycerol tri(meth)acrylate, 

pentaerythritol tri(meth)acrylate, trimethylol propane 

tri(meth)acrylate, ditrimethylol propane 

tetra(meth)acrylate, pentaerythritol tetra(meth)acrylate, 

dipentaerythritol hexa(meth)acrylate, and isocyanuric 

acid tri(meth)acrylate; a polyfunctional monomer having 

(meth)acrylamide such as N,N'-methylene 

bis(meth)acrylamide and N,N'-ethylene 

bis(meth)acrylamide; a polyfunctional aromatic monomer 

such as divinylbenzene and trivinylbenzene; and a 

glycidyl group-containing polyfunctional monomer such as 

allyl glycidyl ether and glycidyl (meth)acrylate. 

[0018] 

 From the viewpoint of reactivity with a vinyl ester 

monomer and resistance to decomposition in a 

saponification reaction, as the compound copolymerizable 

with the vinyl ester monomer, a compound that is not 

easily decomposed by an alkali is preferred, and a 

compound having a carbonyl group or an amide group in the 

molecule is more preferred.  In a preferred embodiment, 

PVA is obtained by saponifying a copolymer of a vinyl 

ester monomer and a polyfunctional monomer to form a 

crosslinked structure from the polyfunctional group, so 
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that an effect of obtaining resistance to melting at high 

temperature is achieved.  As such a polyfunctional 

monomer, a compound having a ring structure is preferred, 

a compound having a heterocyclic structure is more 

preferred, and triallyl isocyanurate (TAIC) is 

particularly preferred. 

[0019] 

 Regarding the amount of copolymerization in 

copolymerization of a vinyl ester monomer and another 

monomer, relative to 100 mol% of the structural unit 

derived from the vinyl alcohol unit in the vinyl alcohol-

based polymer, the amount of the structural unit derived 

from a monomer other than vinyl ester is controlled to 

preferably 0.001 to 1.0 mol%, more preferably 0.005 to 

0.5 mol%, and still more preferably 0.01 to 0.2 mol%.  

Through adjustment of the amount of copolymerization in 

such a range, the resistance to melting at high 

temperature is improved, and the vinyl alcohol-based 

polymer is not excessively crosslinked, which is 

preferable from the viewpoint of production. 

[0020] 

 The amount of copolymerization may be calculated 

using a trace total nitrogen analyzer.  For example, in 

the case of using a trace total nitrogen analyzer TN-

2100H (manufactured by Nittoseiko Analytech Co., Ltd.), 
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the calculation may be performed by the following 

procedure. 

[0021] 

 A sample of vinyl alcohol-based polymer is collected 

on a quartz board, set in an auto boat controller ABC-210 

(manufactured by Nittoseiko Analytech Co., Ltd.), 

automatically put in an electric furnace, and burnt in an 

argon/oxygen stream.  NO gas generated on this occasion 

is measured by a chemiluminescence detector.  A 

calibration curve is prepared in advance with use of a 

standard solution (N-pyridine/toluene), and the nitrogen 

concentration is calculated from the calibration curve. 

[0022] 

Example of measurement conditions: 

Reaction tube: Double tube for ABC 

Electric furnace temperature 

Inlet Temp: 800C, Outlet Temp: 900C 

Gas flow rate: Ar: 300 mL/min, O2: 300 mL/min, Ozone: 300 

mL/min 

Amount of sample: approximately 9 to 15 mg 

[0023] 

 Any method may be used for polymerization of the 

vinyl ester monomer or the copolymer thereof, and a known 

polymerization method such as solution polymerization, 

suspension polymerization, and bulk polymerization may be 

used.  From the viewpoint of easy operation and using a 
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solvent common to a saponification reaction in the 

subsequent step, use of solution polymerization method in 

alcohol is preferred, and use of methanol as the alcohol 

is particularly preferred. 

[0024] 

 PVA may be prepared through saponification of the 

polymer obtained as described above by any method.  

Examples of the saponification method include adding an 

alkaline catalyst to alcohol solution of a polymer 

(polyvinyl ester or the like).  Hereinafter, an example 

of the saponification procedure will be described. 

[0025] 

 As the alcohol that serves as a solvent for the 

polymer, for example, methanol, ethanol, butanol, etc. 

may be used, and methanol may be favorably used.  The 

concentration of the polymer in the alcohol solution may 

be optionally set, and may be, for example, 10 mass% or 

more and 80 mass% or less. 

[0026] 

 Then, an alkaline catalyst is added to the solution 

to perform a saponification reaction.  Examples of the 

alkaline catalyst include an alkali metal hydroxide such 

as sodium hydroxide, potassium hydroxide, sodium 

methylate, sodium ethylate, and potassium methylate, and 

an alcoholate.  It is preferable to use sodium hydroxide, 

in particular.  The amount of the alkaline catalyst added 



PCT/JP2021/026689 

- 14 - 

is not particularly limited, being preferably 1.0 to 

100.0 mmol equivalent, and more preferably 5.0 to 30.0 

mmol equivalent, relative to the polymer.  The reaction 

temperature during saponification is not particularly 

limited, being preferably 10 to 70C, more preferably 30 

to 55C.  The reaction time is also not particularly 

limited, and may be, for example, 20 minutes or more to 2 

hours. 

[0027] 

 The degree of saponification may be appropriately 

adjusted according to the use of PVA, and may be, for 

example, 72 to 99 mol%.  After the saponification 

reaction, a washing step for removing impurities such as 

sodium acetate and a drying step may be performed, on an 

as needed basis. 

[0028] 

Physical property of polyvinyl alcohol-based polymer 

 The particle size distribution of PVA particles in a 

dilute aqueous solution obtained by the production method 

may be determined through dynamic light scattering 

measurement of a 0.4 mass% aqueous solution of PVA at a 

temperature of 25C.  In the present invention, the 

particle size at a cumulative frequency of 50% in the 

particle size distribution of PVA particles is required 

to be 50 nm or more, more preferably in the range of 70 

to 1000 nm.  The cumulative frequency is determined from 
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the scattering intensity distribution frequency obtained 

in dynamic light scattering measurement. 

[0029] 

 The average particle size of PVA in the dilute 

aqueous solution may be set depending on the use, for 

example, being preferably 60 to 2000 nm, more preferably 

70 to 1500 nm.  In the present specification, the average 

particle size of PVA in the dilute aqueous solution may 

be determined from cumulant analysis of the particle size 

distribution obtained in the dynamic light scattering 

measurement of a 0.4 mass% aqueous solution of PVA at a 

temperature of 25C. 

[0030] 

 In the case of using as an additive for oil well 

cement, with an average particle size of PVA in the 

dilute solution of 60 nm or more, PVA in the cement 

slurry is hardly eluted, so that the performance of 

reducing fluid loss increases.  An average particle size 

of PVA in the dilute solution of 2000 nm or more is not 

preferred from the viewpoint of productivity. 

[0031] 

 It is preferable that the PVA particles include no 

excessively large gel particles from the viewpoint of 

strength of the cement after curing and production of the 

PVA.  More specifically, the 1.0 mass% aqueous solution 

of the PVA have a passage rate for a 300-mesh (opening: 
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0.045 mm) filter of preferably 95 mass% or more, more 

preferably in the range of 97 to 100 mass%, in terms of 

solid content. 

[0032] 

 The passage rate for a 300-mesh filter may be 

calculated by the following procedure.   A dried PVA is 

dissolved in water at 25C to obtain an aqueous solution 

having a concentration of 1.0 mass%.  The resulting 

aqueous solution of PVA in an amount of 100 mL is 

filtered through a 300-mesh (opening: 0.045 mm) filter.  

The mass of PVA remaining on the filter is measured.  

From the mass of PVA residue measured, the ratio of PVA 

that has passed through the filter is calculated. 

[0033] 

 Further, it is preferable that the PVA particles 

have a particle size distribution that hardly allows the 

particles to pass through a 0.45-m membrane filter, from 

the viewpoint of resistance to melting.  More 

specifically, the 1.0 mass% aqueous solution of PVA has a 

passage rate for a membrane filter having a pore size of 

0.45 m of preferably 10 mass% or less, more preferably 

in the range of 0 to 5 mass%, in terms of solid content. 

[0034] 

 The passage rate for a 0.45-m membrane filter may 

be calculated by the following procedure.  An aqueous 

solution of PVA with a concentration adjusted to 1.0 
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mass% is filtered with a 0.45-m filter (manufactured by 

ADVANTEC, material: mixed cellulose ester, pore size: 

0.45 m, diameter: 47 mm) under reduced pressure (10 

mmHg) for 10 minutes.  The passage rate is calculated 

based on the amount of solid content in the filtrate. 

[0035] 

 The average degree of polymerization of PVA may be 

measured by the method described in JIS K6726: 1994.  

From the viewpoint of productivity, the average degree of 

polymerization is preferably in the range of 2500 to 

6000, more preferably 2800 to 5000. 

[0036] 

Additive for oil well cement 

 In an embodiment, an additive for oil well cement 

containing the PVA described above may be provided for 

suitable use in cementing oil wells, gas wells, steam 

wells for geothermal power generation, etc. 

[0037] 

 Cementing during drilling of a well is an operation 

for injecting cement into a gap between a drilled well 

and a steel pipe inserted therein.  As a cementing 

method, a method including mixing cement and various 

additives such as fluid loss additive in a dry state and 

then slurrying the mixture with high-pressure water for 

injection with a pump is widely employed. 

[0038] 
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 With use of PVA as fluid loss reducing agent, 

reduction in the water content loss from cement slurry is 

achieved during cementing (that is, reduction of fluid 

loss), so that fluidity of the cement slurry is 

maintained.  With a large fluid loss, fluidity of the 

cement slurry is lost, so that sufficient cementing is 

hardly performed. 

[0039] 

 The evaluation of fluid loss is one of the 

evaluation items of oil well cement defined by American 

Petroleum Institute (API).  The test method for fluid 

loss is described in Recommended Practice for Testing 

Well Cements, API Recommended Practice 10B-2, April 2013. 

[0040] 

Cement composition for oil well cement 

 In an embodiment, an oil well cement composition 

containing an oil well cement and the additive for oil 

well cement may be provided.  The oil well cement is not 

particularly limited as long as it is a cement for use in 

cementing oil wells, gas wells, steam wells for 

geothermal power generation, etc. 

[0041] 

 The composition has a content of the additive for 

oil well cement of preferably 0.01 to 10% bwoc, more 

preferably 0.05 to 5% bwoc.  With such a range, fluid 

loss is effectively reduced.  Herein, "bwoc" (by weight 
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of cement) means a cement weight basis, referring to the 

weight of a dry additive added to a cement composition 

based on the solid content of cement only. 

[0042] 

Cement slurry for oil well 

 In an embodiment, a cement slurry for oil well that 

contains oil well cement, the additive for oil well 

cement, and water may be also provided.  The cement 

slurry has a water content of preferably 20 to 40 mass%. 

[0043] 

 The method for introducing an additive for oil well 

cement into a cement slurry is not particularly limited.  

Examples of the method include a process including 

preparing a composition containing an oil well cement and 

an additive and then mixing the composition with water, 

and a process including mixing an oil well cement, an 

additive and water without preparing a composition. 

 

Examples 

[0044] 

 Hereinafter, the present invention will be described 

in more detail based on Examples.  The examples described 

below illustrate typical examples of the present 

invention, and the present invention is not limited to 

the following examples. 

[0045] 
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Preparation of PVA 

Example 1 

 A polymerization can equipped with a reflux 

condenser, a dropping funnel, and a stirrer was provided.  

The can was charged with 100 parts by mass of vinyl 

acetate, 43 parts by mass of methanol, 0.090 parts by 

mass of triallyl isocyanurate (TAIC) as a polyfunctional 

monomer, and 5.010-6parts by mass of Peroyl NPP 

(manufactured by NOF Corporation) as initiator, and 

polymerization was performed at a boiling point for 5.0 

hours while stirring in a nitrogen atmosphere.  Then, an 

unreacted vinyl acetate monomer was removed from the 

polymerization system to obtain a methanol solution of 

polyvinyl acetate-TAIC copolymer. 

[0046] 

 To the resulting methanol solution of vinyl acetate-

TAIC copolymer, a methanol solution of sodium hydroxide 

was added (0.008 mol% of sodium hydroxide relative to the 

copolymer).  Then, a saponification reaction was 

performed at 45C for 45 minutes to obtain PVA having a 

saponification degree of 88.1 mol%. 

[0047] 

Examples 2 to 5 and Comparative Examples 1 to 5 

 PVA in each of Examples 2 to 5 and Comparative 

Examples 1 to 5 was obtained by the same procedure as in 
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Example 1 except that the amounts charged were changed as 

shown in the following Table 1. 

[0048] 

Measurement of physical properties of PVA 

Degree of saponification 

 Measurement and calculation were performed in 

accordance with Japanese Industrial Standard, JIS K 6726: 

1994, section 3.5 "Degree of Saponification". 

[0049] 

Average degree of polymerization 

 The measurement and calculation were performed in 

accordance with Japanese Industrial Standard, JIS K 6726: 

1994, section 3.7 "Average Degree of Polymerization".  

However, before injecting the aqueous solution adjusted 

to about 1 mass% PVA for measurement of the average 

degree of polymerization into an Ostwald meter, 

filtration was performed with a 300-mesh filter (opening: 

0.045 mm).  As the concentration of PVA used for 

calculating the average degree of polymerization, the 

value of the concentration after filtration was used. 

[0050] 

Amount of copolymerization 

 The amount of copolymerization was calculated using 

a trace total nitrogen analyzer TN-2100H (manufactured by 

Nittoseiko Analytech Co., Ltd.) by the following 

procedure.  A PVA thus obtained was collected on a quartz 
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board, set in an auto boat controller ABC-210 

(manufactured by Nittoseiko Analytech Co., Ltd.), 

automatically put in an electric furnace, and burnt in an 

argon/oxygen stream.  NO gas generated on this occasion 

was measured by a chemiluminescence detector.  A 

calibration curve was prepared in advance with use of a 

standard solution (N-pyridine/toluene), and the nitrogen 

concentration was calculated from the calibration curve. 

Measurement condition: 

 Reaction tube: Double tube for ABC 

 Electric furnace temperature 

 Inlet Temp: 800C, Outlet Temp: 900C 

 Gas flow rate: Ar: 300 mL/min, O2: 300 mL/min, 

Ozone: 300 mL/min 

 Amount of sample: approximately 9 to 15 mg 

[0051] 

Particle size at cumulative frequency of 50% and average 

particle size 

 The particle size of PVA at a cumulative frequency 

of 50% was measured by dynamic light scattering 

measurement as follows.  A 0.4 mass% PVA aqueous solution 

was prepared and filtered with a 300-mesh filter 

(opening: 0.045 mm).  The filtrate was put in a quartz 

cell for the measurement with a dynamic light scattering 

measuring device (ELS-Z2 manufactured by Otsuka 

Electronics Co., Ltd.,).  The measurement conditions were 
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as follows: 25C, solvent: water, refractive index of 

solvent: 1.33, and viscosity of solvent: 0.89 (cP).  From 

the resulting scattering intensity distribution 

frequency, the value of particle size at a cumulative 

frequency of 50% was obtained.  Further, from the 

measurement results, the average particle size of PVA was 

obtained by cumulant analysis.  Figures 1 to 3 are graphs 

showing the scattering intensity distribution and the 

cumulative frequency distribution in Example 2, Example 

3, and Comparative Example 3, respectively. 

[0052] 

300-mesh Passage rate 

 The PVA thus obtained was dissolved in water at 25C 

to obtain an aqueous solution having a concentration of 

1.0 mass%.  The resulting 100 mL of the aqueous solution 

of PVA was filtered through a 300-mesh filter (opening: 

0.045 mm), and the mass of PVA remaining on the filter 

was measured.  From the mass of PVA residue measured, the 

percentage of PVA that had passed through the filter was 

calculated. 

[0053] 

Passage rate through 0.45-m membrane filter 

 The resulting aqueous solution of PVA was adjusted 

to have a concentration of 1.0 mass%, and filtered with a 

0.45-m filter (manufactured by ADVANTEC, material: mixed 

cellulose ester, pore size: 0.45 m, diameter: 47 mm) 
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under reduced pressure (10 mmHg) for 10 minutes.  The 

passage rate was calculated based on the amount of solid 

content in the filtrate. 

[0054] 

Measurement of fluid loss 

 The effect of reduction in fluid loss of PVA was 

measured in accordance with the fluid loss evaluation 

method in American Petroleum Institute (API) standard 

10B-2 (April 2013 edition).  The specific measurement 

procedure is as follows. 

[0055] 

 A well cement in class G was blended with PVA in an 

amount described in Table 1 and 0.4% bwoc of a curing 

retarder (CR-270, manufactured by Flotek Industries), and 

water was mixed therewith according to the procedure 

described in American Petroleum Association (API) 

standard 10B-2 (April 2013 edition) to obtain a cement 

slurry having a water content of 30 mass%.  The resulting 

cement slurry was put into a fluid loss evaluation tester 

(Model 7120, manufactured by Chandler Engineering), and 

subjected to a test according to the procedure described 

in American Petroleum Institute (API) Standard 10B-2 

(April 2013 edition) at the temperature described in 

Table 1 under a pressure of 1000 psi to calculate the 

amount of fluid loss. 

[0056] 
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 As shown in Table 1, the temperature was set in the 

range of 40C to 140C, and the amount of PVA added was 

set in the range of 0.4 to 1.2% bwoc to perform the 

evaluation.  In Table 1, the sign "-" indicates that no 

measurement of the fluid loss was performed. 

[0057] 
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[Table 1] 

 Example 1 Example 2 Example 3 Example 4 Example 5 
Comparative 
Example 1 

Comparative 
Example 2 

Comparative 
Example 3 

Comparative 
Example 4 

Comparative 
Example 5 

Charge 

Vinyl acetate 
[Parts by 

mass] 
100 100 100 100 100 100 100 100 100 100 

Methanol 
[Parts by 

mass] 
43 67 67 67 150 20.5 14.3 5.3 20.5 22.1 

Polyfunctional monomer 
Type TAIC TAIC TAIC TAIC TAIC - - - AM TAIC 

[parts] 0.090 0.16 0.16 0.16 0.33 - - - 0.020 0.036 

Conversion of vinyl acetate [%] 55 54 56 51 69 69 44 43 49 50 

Physical properties 
of PVA 

Particle size at cumulative 
frequency of 50% 

[nm] 79.9 135.5 101.2 121.1 145.3 28.0 36.6 41.1 34.4 49.6 

Average particle size [nm] 77.1 235.3 175.2 212.6 156.5 29.1 34.2 54.3 31.9 44.8 

300-mesh passage rate [%] >99 >99 >99 >99 >99 >99 >99 >99 >99 >99 

0.45-m passage rate [%] <1 <1 <1 <1 <1 >99 >99 >99 >99 >99 

Average degree of 
polymerization 

[-] 3050 3480 3300 3600 2720 1850 2520 3540 2100 2900 

Amount of copolymerization [mol%] 0.053 0.094 0.091 0.10 0.16 - - - - 0.023 

Degree of saponification [mol%] 88.1 79.8 88.2 98.2 80.1 98.5 79.8 80.1 80.1 80.6 

Fluid 
Loss 
[mL] 

Temperature 

[C] 

Amount of PVA added 

[% bwoc] 
           

40 0.4 [cc] 45 31 18 - 28 522 48 15 77 14 

60 0.6 [cc] 98 36 24 - 34 614 140 10 196 16 

80 0.8 [cc] - 42 32 45 44 - - 224 350 24 

100 0.8 [cc] - 44 35 46 71 - - - - 101 

110 0.8 [cc] - 49 42 63 92 - - - - - 

120 0.8 [cc] - 760 96 160 780 - - - - - 

120 1.2 [cc] - 98 30 38 660 - - - - - 

140 1.2 [cc] - 188 45 58 - - - - - - 
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[0058] 

 From the results in Examples, it has been confirmed 

that the additive for oil well cement of the present 

invention is excellent in the performance for reduction 

in fluid loss. 

- 27 -



- 29 - 

Claims 

 

1. A polyvinyl alcohol-based polymer, as a 

saponificated product of: 

 a homopolymer composed of a vinyl ester monomer; 

 a copolymer of a vinyl ester monomer and a 

monofunctional monomer other than the vinyl ester; 

 a copolymer of a vinyl ester monomer and a 

polyfunctional monomer; or  

 a copolymer of a vinyl ester monomer, a 

monofunctional monomer other than vinyl ester, and a 

polyfunctional monomer, 

 wherein the polyvinyl alcohol-based polymer has a 

particle size of 50 nm or more at a cumulative frequency 

of 50% in particle size distribution by dynamic light 

scattering measurement of a 0.4 mass% aqueous solution of 

the polyvinyl alcohol-based polymer at 25C. 

 

2. The polyvinyl alcohol-based polymer according to 

claim 1, wherein an average particle size obtained from 

the dynamic light scattering measurement of a 0.4 mass% 

aqueous solution of the polyvinyl alcohol-based polymer 

at 25C is 60 nm or more. 

 

3. The polyvinyl alcohol-based polymer according to 

claim 1 or 2, wherein a 1.0 mass% aqueous solution of the 

polyvinyl alcohol-based polymer has a passage rate for a 
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300-mesh filter (opening: 0.045 mm) of 95 mass% or more 

in terms of solid content. 

 

4. The polyvinyl alcohol-based polymer according to any 

one of claims 1 to 3, wherein a 1.0 mass% aqueous 

solution of the polyvinyl alcohol-based polymer has a 

passage rate for a membrane filter having a pore size of 

0.45 m of 10 mass% or less in terms of solid content. 

 

5. The polyvinyl alcohol-based polymer according to any 

one of claims 1 to 4, wherein the polyvinyl alcohol-based 

polymer has an average degree of polymerization of 2500 

to 6000 in measurement according to the method described 

in JIS K 6726: 1994. 

 

6. An additive for oil well cement comprising the 

polyvinyl alcohol-based polymer according to any one of 

claims 1 to 5. 
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