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MICROWELL PLATE MADE FROM A POLYESTER-POLYCARBONATE

TECHNICAL FIELD

[0001] The disclosure generally relates to a thermoplastic composition with

flowability for use in thin-walled articles.

BACKGROUND

[0002] Microwell plates are used for various microbiological, molecular

biological, cellular biological, and immunological procedures. Due to the high number of

samples in each microwell plate, the Society of Biomolecular screening and the

American National Standards Institute (ANSI) have published standards ANSI/SB S 1-

2004 through 4-2004 for microwell plates concerning the particular dimensions and

positions of wells or microwells, herein also referred to as vessels, for microwell plates

having 96, 984, and 1536 wells. Microwell plates are used in particular for culturing of

microorganisms or cells or for the Polymerase Chain Reaction (PCR).

[0003] PCR is a process used to amplify and copy a piece of DNA sequence

across multiple orders of magnitude and is a vital technique in the field of molecular

biology. In the PCR process, the DNA fragment is mixed in aqueous solution with

complementary DNA primers and DNA polymerase enzyme and the mixture is taken

through several thermal cycling steps. This thermal cycling process separates the double-

helix of the target DNA sequence and initiates new DNA synthesis through the DNA

polymerase catalyst. A typical thermal profile for the PCR reaction is shown below in

Table 1, where °C is degrees Celsius.

[0004] The PCR reactions are typically carried out in microwells in arrays from

8 to 96 wells and volumes of 0.2-0.5 milliliters (mL).



[0005] Efficient heat transfer through the walls of the microwell to the reaction

solution is required for strict temperature control during the PCR reaction process. In

order to achieve efficient heat transfer, the PCR trays are designed with very thin

microwell wall thicknesses, such as around 0.2 mm. Injection molding of these thin-wall

trays becomes a significant challenge since an extremely high flow material is required to

fill the thin microwell walls. In addition, the material needs to have sufficient heat

resistance to avoid deformation during the PCR thermal cycling step, and optical clarity

is desired so the liquid volume level can be observed. Typically, a polypropylene such as

PD702 from LYONDELL BASELL is used for injection molding of the PCR trays.

However, polypropylene is subject to softening at elevated temperatures such as those

used in PCR denaturation cycles, which can cause PCR or other microfluidic components

to become excessively flexible during processing, and/or be subject to warping or other

physical deformation, and/or leaking.

[0006] Furthermore, single-component microwell plates comprising

polypropylene are not particularly suited for being handled by automatic devices because

their softness makes it difficult for automatic devices to grip them and their low

dimensional stability can have the consequence that the proportioning needles will

contact the walls while being introduced into the vessels. Two-component microwell

plates comprising a unitary plate comprised of a two separate components including a

skirt and frame portion made of a first material and having a plurality of holes in the

frame portion, and an overmolded well and deck portion having a plurality of wells that

protrude through the holes of the skirt and frame portion, but the second material must

still meet the above-described challenges.

SUMMARY

[0007] As further described in detail below, a microwell plate comprises a skirt

and frame portion having a top surface and a bottom surface, and having a plurality of

holes; and a well and deck portion, comprising a plurality of wells integrated with a

planar deck; wherein the well and deck portion is overmolded or adhered onto the skirt

and frame portion such that the plurality of wells extends through the plurality of holes in

the top surface of the skirt and frame portion; and wherein the well and deck portion is



formed from a thermoplastic composition comprising a poly(aliphatic ester)-

polycarbonate comprising soft block ester units, derived from monomers comprising an

alpha, omega C -2o aliphatic dicarboxylic acid or derivative thereof, a dihydroxyaromatic

compound, and a carbonate source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following is a brief description of the drawings wherein like

elements are numbered alike and which are presented for the purposes of illustrating the

exemplary embodiments disclosed herein and not for the purposes of limiting the same:

[0009] FIG. 1 is a perspective view of a microwell plate;

[0010] FIG. 2a is a top view of a skirt and frame portion of the microwell plate

of FIG. 1;

[001 1] FIG. 2b is a side view of a side wall of the skirt and frame portion of the

microwell plate of FIG. 1;

[0012] FIG. 2c is a side view of an end wall of the skirt and frame portion of the

microwell plate of FIG. 1;

[0013] FIG. 3a is a top view of a well and deck portion of the microwell plate of

FIG. 1;

[0014] FIG. 3b is a side view of the well and deck portion of the microwell plate

of FIG. 1;

[0015] FIG. 3c is a cross-sectional side view of an array of sample wells of the

microwell plate of FIG. 1;

[0016] FIG. 4 is a cross-sectional side view of the array of sample wells disposed

on the skirt and frame portion;

[0017] FIG. 5 is a cross-sectional side view of the array of sample wells of a

second embodiment; and

[0018] FIG. 6 is a top view of the array of sample wells of a third embodiment.

DETAILED DESCRIPTION

[0019] This disclosure describes a microwell plate having microwells made of a

high melt flow thermoplastic composition. The microwells can have wall thicknesses of



less than or equal to 1 mm, more specifically from 0.005 to 1 mm, even more specifically

from 0.01 to 0.5 mm, and even more specifically from 0.05 to 0.25 mm. Such thin walls

can help provide achieve efficient heat transfer during the thermal cycling of the PCR

process. The microwell plate comprises a unitary plate of two separate components

including a skirt and frame portion and a well and deck portion having one or a plurality

of sample wells. The skirt and frame portion and the well and deck portion can be

formed separately and joined to form the unitary plate or they can be integrally formed

together in a two-step molding process. The combination of physical and material

properties provided by the skirt and frame portion and the well and deck portion can

include thin-walled sample wells for adequate thermal transfer and physical stability to

withstand high temperature conditions. The combination of physical and material

properties provided by the skirt and frame portion and the well and deck portion can

allow the microwell plate to be used with automated equipment in thermal cycling

procedures.

[0020] The skirt and frame portion is made from a first material and the well and

deck portion is made from a second material that comprises a high melt flow

thermoplastic composition. The high melt flow thermoplastic composition of the well

and deck portion may display one or more of optical clarity, improved modulus,

improved room temperature ductility, heat resistance, oxygen permeability, or a reduced

affinity or neutrality of thermoplastic to DNA or other substances of the PCR, which can

be helpful for applications in thin-wall PCR microwell trays. Specifically, the high melt

flow thermoplastic composition polycarbonate comprises a polyester-polycarbonate

copolymer and more specifically a poly(aliphatic ester)-polycarbonate copolymer. The

microwell plate can further comprise a lid that can be releasably attached to the upper

surface of the frame. The lid can be made of a rigid material and can comprise a

component between the lid and the frame that comprises an elastic material.

[0021] The skirt and frame portion and a well and deck portion can be joined to

form a unitary microwell plate. The skirt and frame portion can have a top surface with

one or more holes that can be arranged in a first array pattern. The well and deck portion

can include one or more sample wells that can be arranged such that one or more sample



wells can integrally fit into the one or more holes of the top surface when the well and

deck portion is joined with the skirt and frame portion to form the unitary plate.

[0022] The skirt and frame portion of the microwell plate comprises a first

material that is chosen to impart rigidity to the skirt and frame portion. The first material

can comprise a material such as aluminum sheet stock, or can comprise a first plastic that

can be an amorphous plastic or a partially crystalline plastic. The first plastic can be

filled or unfilled and can have one or more of a higher rigidity, a better planarity, a lower

tendency to distortion as compared to the second plastic of the vessels, and can be

capable of withstanding a temperature of at least 100 °C. The first plastic can comprise a

polycarbonate and/or a polypropylene. The first plastic can be filled with for example

one or more of glass, talc, or calcium carbonate. Specific examples of filled polymers

include one or more of glass filled polypropylene, 20 to 40 % talc filled polypropylene,

or 40 to 60 % calcium carbonate filled polypropylene, and glass filled polycarbonate.

[0023] The skirt and frame portion can comprise four walls forming a bottom

opposite the top surface. The bottom can have a length and width the same or slightly

larger than the length and width of the top surface. The walls of the frame portion can

extend to a depth greater than or equal to the well depth of the wells in the well and deck

portion. The skirt and frame portion can include at least one indentation in each wall to

allow engagement of automated equipment with the microwell plate.

[0024] The skirt can have an edge provided with a bordering protruding from the

underside, which increases its stability, can form a surface to stand on, and a surface for

engagement by the automatic device.

[0025] The well and deck portion can comprise a raised rim around an opening

of each sample well that is contiguous with an upper surface of the well and deck portion.

The raised rim forms grooves in the well and deck portion between adjacent sample wells

to prevent contamination between sample wells. The well and deck portion can comprise

an upper surface having a plurality of interconnecting links with individual links joining

adjacent sample wells to form a meshwork of interconnecting links and sample wells.

[0026] The well and deck portion can comprise the same or different material as

that of the skirt and frame portion and comprises a high melt flow thermoplastic



composition that comprises a polyester-polycarbonate copolymer, more specifically a

poly(aliphatic ester)-polycarbonate .

[0027] Embodiments will be described with reference to FIGS. 1-6, which are

presented for the purpose of illustrating embodiments and are not intended to limit the

scope of the claims.

[0028] Referring to FIGS. 1 and 2a-2c, a first embodiment includes a unitary

microwell plate 10 include as two joined components, a skirt and frame portion 11 and a

well and deck portion 12 on the skirt and frame portion 11 to form the microwell plate

10. Depending upon methods of construction discussed below, the well and deck portion

12 is formed integral with the skirt and frame portion 11, or, alternatively, formed

separately from the skirt and frame 11 and thereafter permanently assembled with the

skirt and frame portion 11 to form the microwell plate 10 as a single unitary microwell

plate.

[0029] The skirt and frame portion 11 includes a top rectangular planar surface

15 and a bottom 16. The top planar surface 15 is connected to the bottom 16 by four

walls, including two end walls 17a, 17b and two side walls 17c, 17d. The top

planar surface 15 has a length L i of 122 mm, and a width W i of 78 mm. The bottom 16,

as formed by the end walls 17a, 17b, and side walls 17c, 17d, includes dimensions that

are slightly larger than the dimensions of the top planar surface to extend the bottom 16

beyond a perimeter of the top planar surface. The bottom 16 has a length L, of 127 mm

and a width W, of 85 mm.

[0030] The skirt and frame portion 11 of the first embodiment is rectangular in

shape, although it is understood by those skilled in the art that the skirt and frame portion

11 is not limited to a specific shape and can include other shapes and overall dimensions.

[003 1] The top planar surface 15 includes an array of holes 13 formed therein

and integral with the top surface 15 to accommodate a corresponding array of sample

wells, or a well-array. In the first embodiment illustrated in FIG. 1, the array of holes 13

(only part of which are shown) is arranged in a rectangular pattern that includes a total of

384 holes, arranged in an array of 16 by 24 holes capable of receiving a 384-well array of

sample wells. In another embodiment, the top planar surface 15 can include the array of

holes 13 with a total of 96 holes arranged in an array of 8 by 12 holes capable of



receiving a 96-well array of sample wells. Although the array of holes 13 of the first

embodiment illustrated in FIG. 1 is structured and configured to accommodate a 384-well

array of sample wells, it is understood by those skilled in the art that the array of holes 13

in the top surface 15 can include any number of holes to accommodate well arrays of

higher or lower sample well density, and can be arranged in alternative array patterns.

[0032] Referring to FIG. 2a, individual holes of the 384-hole array 13 have a

circular opening 20 integral with the top planar surface 15. As shown in FIGS. 1 and 2a-

2c, the end walls 17a, 17b of the skirt and frame portion 11 each include a pair of

indented notches formed therein and referred to as index points 18a, 18b. Each of the

side walls 17c, 17 similarly includes a pair of index points 18c, 18d formed therein.

The pairs of index points 18a, 18b, 18c, 18d are structured and configured to receive

engagement mechanisms of automated handling equipment, such as, but not limited to, a

robotic arm, and help such engagement mechanisms to grip and transport the skirt and

frame portion 11 and to facilitate accurate and consistent placement of the microwell

plate 10 during the automated phases of liquid sample handling procedures. In the first

embodiment illustrated in FIGS. 2a-2c, the pairs of index points 18a, 18b, 18c, 18d are

rectangular shaped, although they are not limited to a particular shape or configuration

and can include other geometries and shapes necessary to receive engagement

mechanisms of automated equipment.

[0033] The skirt and frame portion 11 of the microwell plate 10 is constructed of

a suitable material that imparts and optimizes the physical and material properties of

strength and rigidity to the skirt and frame portion 11, as well as straightness to the top

planar surface 15 and bottom 16. In addition to structural strength, rigidity, and

straightness, a suitable material of construction imparts dimensional stability to the skirt

and frame portion 11 and resists shrinkage and distortion of the physical geometry and

the overall dimensions that can result from exposure to high temperatures of thermal

cycling processes during use. A suitable material of construction also substantially

resists deformation of the skirt and frame portion 11 caused by gripping and holding of

engagement mechanisms of automatic handling equipment, such as a robotic arm, with

the skirt and frame portion 11.



A suitable material of construction of the skirt and frame portion 11 includes, but is not

limited to, polymers such as a glass-filled polypropylene including, for example, AMCO

#PP1015G glass-filled polypropylene available from AMCO International, Inc. of

Farmingdale, N.Y. AMCO #PP1015G. Glass-filled polypropylene has a standard melting

point of approximately 170 °C and is substantially resistant to excessive softening due to

cyclic exposure to high temperatures of thermal cycling processes, typically 80 °C to 96

°C, and often up to 100 °C. Filled polypropylene possesses suitable flow characteristics,

e.g.: melt flow of 4-8 g/min, that render such material conducive to manufacturing the

skirt and frame portion 11 by various molding processes described herein. Filled poly

mers minimize or eliminate the need to add other physical mechanisms, such as

strengthening ribs, to the skirt and frame portion 11 to enhance strength and rigidity,

which could also be incorporated.

[0034] Referring to FIGS. 1, 3a-3c, the well and deck portion 12 of the

microwell plate 10 includes a rectangular planar deck 19 with a top surface 30 and a

bottom surface 31. The planar deck 19 has a length L 3 of 119.93 to 120.03 mm, and a

width W 3 of 78.33 mm to 78.43 mm. The planar deck 19 of the first embodiment is

rectangular in shape, although it is understood by those skilled in the art that the

disclosure is not limited to the planar deck 19 of a specific shape and can include other

shapes and overall dimensions.

[0035] The planar deck 19 includes an array of sample wells 14 formed integral

with the planar deck 19. The array of sample wells 14 is arranged in a rectangular pattern

and includes a number and pattern of sample wells that corresponds to the number and

pattern of the array of holes 13 of the skirt and frame portion 11 such that the array of

sample wells 14 is coupled with the array of holes 13 of the skirt and frame portion 11.

The array of sample wells 14 of the first embodiment illustrated in FIG. 1 includes a total

of 384 sample wells 14 arranged in an array of 16 by 24 sample wells 14. In another

embodiment, the planar deck 19 includes the array of sample wells 14 with a total of 96

sample wells arranged in an array of 8 by 12 sample wells 14. In the first embodiment,

the center-to -center spacing between individual sample wells 14 is 4.5 mm.

[0036] Although the 384-well array of sample wells 14 is illustrated in FIG. 1, it

is understood by those skilled in the art that the planar deck 19 can include sample well



arrays 14 of higher or lower well density as well as arrays of sample wells configured in

alternative patterns. The center-to -center can be maintained at 9 mm or some integral

fraction or multiple thereof to allow the use of standard automated equipment for

processing samples, as such standard equipment is designed for 9 mm center-to-center

spacing of sample wells. When other automated equipment is used the center-to-center

spacing can be different to conform to such equipment.

[0037] As shown in FIGS. 3a and 3c, individual sample wells 14 of the first

embodiment include an opening 32 in the top surface 30 of the planar deck 19 having a

diameter D s of 3 .12 mm to 3.22 mm. Individual sample wells 14 are sized for insertion

or formation into individual holes 13 of the array of holes 13 in the skirt and frame

portion 11. Individual sample wells 14 include a well body 33 that extends downwardly

from the opening 32 and a raised rim 34 surrounding each well opening 32. The raised

rim 34 creates a recessed area between adjacent sample wells 14 to reduce the possibility

of contamination between wells. The sample well body 33 is conically-shaped and has a

depth D 2 of 15.5 mm. Side walls 14a of the conically-shaped well body 33 angle inward

1 .1° to 17.9° and narrow to a diameter of 1.66 mm to 1.76 mm. Although the first

embodiment of sample wells 14 illustrated in FIGS. 3a-3c include the shape and

dimensions described above, it is understood by those skilled in the art that the samples

wells can include other shapes and dimensions.

[0038] The side walls 14a of individual sample wells 14 are thin, having a

thickness of, although not limited to, 0.15 mm to 0.25 mm. Individual sample wells 14

have a flat, thin bottom wall 14b having a thickness of, although not limited to, 0.15 mm

to 0.25 mm. When the well and deck portion 12 is engaged with or integral to the skirt

and frame portion 11, as illustrated in FIG. 4, the lower portion of walls 14a of the array

of sample wells 14 can be in intimate contact with wells of a heating/cooling block of a

thermal cycler device used during thermal cycling to expose samples to heat. The thin

nature of the sample well walls 14a and the bottom walls 14b helps to facilitate adequate

thermal transfer to samples contained within the sample wells 14.

[0039] The skirt and frame portion 11 is constructed of a first suitable material

that imparts and maintains during thermal cycling procedures the physical and material

properties of opacity, strength and rigidity. The well and deck portion 12 is constructed



of a second suitable material that permits the sample well walls 14a and 14b to be thinly

constructed of a thickness of 0.15 mm to 0.38 mm. A suitable material of construction

also reduces or eliminates variation in well wall thickness throughout the sample well

body 33 and between individual sample wells 14 during manufacture of the well and deck

portion 12. The use of separate materials for the skirt and frame portion 11 and the well

and deck portion 12 of microwell plate 10 allows optimization of production processes

not possible when molding multi-well plates of a single resin in one operation. Thus, the

microwell plate 10 is less susceptible to warping after thermal cycling. In addition, the

construction of microwell plate 10 allows for use a suitable material for well and deck

portion 12 that is compatible with biomolecules and possesses good clarity to allow

optical analysis of samples, while allowing for use of a suitable material for skirt and

deck portion 11 that may not be biocompatible or optically clear but may possess the

properties of strength, rigidity and stability.

[0040] Referring to FIG. 5, in a second embodiment, the array of sample wells

14 is formed without the planar deck 19 acting as a connecting structure between

individual sample wells 14. Rather, sample wells 14 are formed as independent and

separate wells integral with the skirt and frame portion 11 without any connection means

between adjacent sample wells.

[0041] Referring to FIG. 6, in a third embodiment, the array of sample wells 14

is similarly formed without the planar decks 19 and 15 but with interconnecting links 42

between adjacent sample wells 14, forming a meshwork of links 42 that acts as a

connecting means between individual sample wells 14. In this embodiment, the

meshwork of links 42 and interconnected sample wells 14 is fabricated to or formed into

the skirt and frame portion 11.

[0042] The microwell plate 10 and methods of making same described below

simultaneously combine many desirable features thus providing several advantages over

prior art microwell plates. The microwell plate possesses the physical and material

properties that render the microwell plate 10 capable of withstanding high temperature

conditions of thermal cycling procedures and conducive for use with automated

equipment, particularly robotic handling instruments. The microwell plate 10 also

maintains a compatibility with standard automated liquid handling equipment, such as the



HydraTM dispensing system available from Robbins Scientific of Sunnyvale, Calif, for

introducing and removing sample mixtures from sample wells. The sample wells 14 of

the microwell plate 10 are relatively thin, on the order of 0.25 mm or less, which helps

facilitate optimal thermal transfer to samples during thermal cycling procedures. In

addition, the thickness of sample well walls 14a, 14b permits use of optical detection

systems for optically analyzing samples through sample well bottoms.

[0043] Methods of construction of the microwell plate 10 include manufacturing

the skirt and frame portion 11 and the well and deck portion 12 separately, either by

different steps of a single manufacturing process or by separate manufacturing

operations. Such methods of construction provide the advantage of constructing each

portion of an ideal material that will impart and maintain the optimal physical and

material properties required and desired of the microwell plate 10. The microwell plate

10 comprises a specific combination of physical and material properties including

strength, rigidity, and straightness of the skirt and frame portion 11 to withstand

manipulation by automated equipment; dimensional stability and integrity of the skirt and

frame portion 11 and the well and deck portion 12 during and following exposure to the

high temperatures of thermal cycling procedures; substantial flatness of the array of

sample wells 14 for accurate and reliable handling of liquid samples; and thin-walled

sample wells 14 to help optimize thermal transfer and to permit optical analysis. Prior art

methods of constructing microwell plates do not use materials or processes that produce

thin-walled multi-well microwell plates that possess the combination of specific physical

and material properties.

[0044] The present disclosure also includes a first method for constructing the

microwell plate 10 includes manufacturing the microwell plate 10 by a single process,

wherein the well and deck portion 12 is formed integral with the skirt and frame portion

11. Each portion of the microwell plate 10 is manufactured of a separate material and by

a separate step of the same process to produce a unitary plate.

[0045] A two-step molding process includes providing a suitable first material in

a form conducive for use in a molding process. In a first step of the molding process, the

skirt and frame portion 11 is molded of the first material as an insert.



[0046] A suitable second material is then provided in a form conducive for use

in the molding process. The insert or the skirt and frame portion 11 is subsequently

positioned to receive an application of the second material, and the well and deck portion

12 is molded integral with the skirt and frame portion 11 of the second material as an

over-mold, producing a unitary plate. In some embodiments, the first material is a filled

polymer resin and the second material is an unfilled polymer resin.

[0047] A second embodiment of the first construction method includes

manufacturing the well and deck portion 12 integral with the skirt and frame portion 11

by a single two-step injection molding process well known to those skilled in the art.

Such a process is described in Injection Molding, Vol. 8, No. 4, Part 1 of 2, April 2000

Edition. The two-step injection molding process can be performed by using various

commercially available injection molding presses that are design for two-step molding

processes, such as the SynErgy 2C press available from Netstal-Maschinen AG of

Naefels, Switzerland or Netstal-Machinery, Inc. of Devens, Mass. The two-step injection

molding technique uses a single mold and includes forming the skirt and frame portion 11

of the first material by a first shot injection molding in a first step. The well and deck

portion 12 is subsequently constructed of the second material by a second shot injection

into the same mold in a second step forming the array of sample wells 14 as well as

filling an area surrounding the sample wells openings 32 to form the planar deck 19.

[0048] A second method of construction of the thin-well micro-plate 10 includes

forming the skirt and frame portion 11 and the well and deck portion 12 by two separate

manufacturing processes of separate materials of construction. In this method, the skirt

and frame portion 11 is formed of a first material by a known manufacturing process such

as injection molding. A well and deck portion 12 is formed from a second material by a

second manufacturing process such as injection molding. The skirt and frame portion 11

and the well and deck portion 12 are thereafter permanently joined by an adhesive

method well known to those skilled in the art, such as ultrasonic welding or thermal

welding, producing a unitary plate. The first and second manufacturing processes can be

different manufacturing processes or similar processes performed separately.



[0049] Further description of the details of the microwell plates described herein

may be found in U.S. Patent No. 6,528,302, the disclosure of which is incorporated

herein by reference in its entirety.

[0050] The thermoplastic composition used to make the microfluidic devices

described herein is also referred to as the high flow thermoplastic composition that

comprises polycarbonate, specifically a polyester-polycarbonate copolymer, more

specifically a poly(aliphatic ester)-polycarbonate copolymer. Generally, as used herein,

the term "polycarbonate" refers to the repeating structural carbonate units of the formula

(1)

o

R1— O C O (1)

in which at least 60 percent of the total number of R1 groups contain aromatic moieties

and the balance thereof are aliphatic, alicyclic, or aromatic. Each R1 can be an aromatic

radical of the formula -A'-Y'-A 2- . Each R1 can comprise a C -3o aromatic group, that is,

contains at least one aromatic moiety. R 1 can be derived from a dihydroxy compound of

the formula HO-R'-OH, in particular of formula (2)

HO-A - Y - A ^OH (2)
wherein each of A 1 and A 2 is a monocyclic divalent aromatic group and Y 1 is a single

bond or a bridging group having one or more atoms that separate A 1 from A 2 . In an

embodiment, one atom separates A 1 from A 2 . Illustrative non-limiting examples of

radicals of this type are -0-, -S-, -S(O)-, S(0) 2- , -C(O)-, methylene,

cyclohexylmethylene, 2-[2.2.1]-bicycloheptylidene, ethylidene, isopropylidene,

neopentylidene, cyclohexylidene, cyclopentadecylidene, cyclododecylidene, and

adamantylidene. The bridging radical Y 1 can be a hydrocarbon group or a saturated

hydrocarbon group such as methylene, cyclohexylidene, or isopropylidene. Specifically,

the R1 groups can be derived from a dih droxy aromatic compound of formula (3)

wherein Ra and R are each independently a halogen, Ci_i 2 alkoxy, or Ci_i 2 alkyl; and p

and q are each independently integers of 0 to 4 . It will be understood that Ra is hydrogen

when p is 0, and likewise R is hydrogen when q is 0 . Also in formula (3), Xa is a



bridging group connecting the two hydroxy-substituted aromatic groups, where the

bridging group and the hydroxy substituent of each C arylene group are disposed ortho,

meta, or para (specifically para) to each other on the C arylene group. Examples of the

bridging group Xa include a single bond, -0-, -S-, -S(O)-, S(0) 2- , -C(O)-, or a Ci_is

organic group. The Ci_is organic bridging group can be cyclic or acyclic, aromatic or

non-aromatic, and can further comprise heteroatoms such as halogens, oxygen, nitrogen,

sulfur, silicon, or phosphorous. The Ci_is organic group can be disposed such that the C

arylene groups connected thereto are each connected to a common alkylidene carbon or

to different carbons of the Ci_is organic bridging group. In an embodiment, p and q are

each 1, and Ra and R are each a Ci_ alkyl group, specifically methyl, disposed meta to

the hydroxy group on each arylene group. Xa can be a substituted or unsubstituted C _i

cycloalkylidene, a Ci_2 alkylidene of formula -C(R )(R d)- wherein R and Rd are each

independently hydrogen, Ci_i 2 alkyl, Ci_i 2 cycloalkyl, C7-12 arylalkyl, C1-12 heteroalkyl, or

cyclic C _i 2 hetero arylalkyl, or a group of the formula -C(=R )- wherein R is a divalent

C1-12 hydrocarbon group such as methylene, cyclohexylmethylene, ethylidene,

neopentylidene, and isopropylidene, as well as 2-[2.2.1]-bicycloheptylidene,

cyclohexylidene, cyclopentylidene, cyclododecylidene, or adamantylidene.

[0051] Bisphenols containing substituted or unsubstituted cyclohexane units can

also be used as a dih droxy compound, for example bisphenols of the formula (4)

wherein each R is independently hydrogen, C1-12 alkyl, or halogen; and each R is

independently hydrogen or C1-12 alkyl. The substituents can be aliphatic or aromatic,

straight chain, cyclic, bicyclic, branched, saturated, or unsaturated. Such cyclohexane-

containing bisphenols, for example the reaction product of two moles of a phenol with

one mole of a hydrogenated isophorone, can be used to make polycarbonate polymers

with high glass transition temperatures and high heat distortion temperatures. Cyclohexyl

bisphenol containing polycarbonates, or a combination comprising at least one of the



foregoing with other bisphenol polycarbonates, are supplied by BAYER CO. under the

APEC* trade name.

[0052] Other aromatic dihydroxy compounds of the formula HO-R1-OH include

compounds of formula (5)

wherein each R is independently a halogen atom, a C1-10 hydrocarbyl such as a C1-10

alkyl group, a halogen-substituted C1-10 alkyl group, a C -io aryl group, or a halogen-

substituted C -io aryl group, and n is 0 to 4 . The halogen can be bromine.

[0053] Some illustrative examples of specific aromatic dihydroxy compounds

include the following: 4,4'-dihydroxybiphenyl, 1,6-dihydroxynaphthalene, 2,6-

dihydroxynaphthalene, bis(4-hydroxyphenyl)methane, bis(4-

hydroxyphenyl)diphenylmethane, bis(4-hydroxyphenyl)- 1-naphthylmethane, 1,2-bis(4-

hydroxyphenyl)ethane, 1,1-bis(4-hydroxyphenyl)- 1-phenylethane, 2-(4-hydroxyphenyl)-

2-(3 -hydroxyphenyl)propane, bis(4-hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-3-

bromophenyl)propane, 1,1 -bis (hydroxyphenyl)cyclopentane, l,l-bis(4-

hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)isobutene, 1,1-bis(4-

hydroxyphenyl)cyclododecane, trans-2,3-bis(4-hydroxyphenyl)-2-butene, 2,2-bis(4-

hydroxyphenyl)adamantane, alpha, alpha'-bis(4-hydroxyphenyl)toluene, bis(4-

hydroxyphenyl)acetonitrile, 2,2-bis(3-methyl-4-hydroxyphenyl)propane, 2,2-bis(3-ethyl-

4-hydroxyphenyl)propane, 2,2-bis(3-n-propyl-4-hydroxyphenyl)propane, 2,2-bis(3-

isopropyl-4-hydroxyphenyl)propane, 2,2-bis(3-sec-butyl-4-hydroxyphenyl)propane, 2,2-

bis(3-t-butyl-4-hydroxyphenyl)propane, 2,2-bis(3-cyclohexyl-4-hydroxyphenyl)propane,

2,2-bis(3-allyl-4-hydroxyphenyl)propane, 2,2-bis(3-methoxy-4-hydroxyphenyl)propane,

2,2-bis(4-hydroxyphenyl)hexafluoropropane, 1,1-dichloro-2,2-bis(4-

hydroxyphenyl)ethylene, 1,1-dibromo-2,2-bis(4-hydroxyphenyl)ethylene, 1,1-dichloro-

2,2-bis(5-phenoxy-4-hydroxyphenyl)ethylene, 4,4'-dihydroxybenzophenone, 3,3-bis(4-

hydroxyphenyl)-2-butanone, l,6-bis(4-hydroxyphenyl)-l,6-hexanedione, ethylene glycol

bis(4-hydroxyphenyl)ether, bis(4-hydroxyphenyl)ether, bis(4-hydroxyphenyl)sulfide,

bis(4-hydroxyphenyl)sulfoxide, bis(4-hydroxyphenyl)sulfone, 9,9-bis(4-

hydroxyphenyl)fluorine, 2,7-dihydroxypyrene, 6,6'-dihydroxy-3,3,3',3'-



tetramethylspiro(bis)indane ("spirobiindane bisphenol"), 3,3-bis(4-

hydroxyphenyl)phthalimide, 2,6-dihydroxydibenzo-p-dioxin, 2,6-dihydroxythianthrene,

2,7-dihydroxyphenoxathin, 2,7-dihydroxy-9,10-dimethylphenazine, 3,6-

dihydroxydibenzofuran, 3,6-dihydroxydibenzothiophene, and 2,7-dihydroxycarbazole,

resorcinol, substituted resorcinol compounds such as 5-methyl resorcinol, 5-ethyl

resorcinol, 5-propyl resorcinol, 5-butyl resorcinol, 5-t-butyl resorcinol, 5-phenyl

resorcinol, 5-cumyl resorcinol, 2,4,5,6-tetrafluoro resorcinol, 2,4,5,6-tetrabromo

resorcinol, or the like; catechol; hydroquinone; substituted hydroquinones such as 2-

methyl hydroquinone, 2-ethyl hydroquinone, 2-propyl hydroquinone, 2-butyl

hydroquinone, 2-t-butyl hydroquinone, 2-phenyl hydroquinone, 2-cumyl hydroquinone,

2,3,5,6-tetramethyl hydroquinone, 2,3,5,6-tetra-t-butyl hydroquinone, 2,3,5,6-tetrafluoro

hydroquinone, 2,3,5,6-tetrabromo hydroquinone, or the like, or combinations comprising

at least one of the foregoing dihydroxy compounds.

[0054] Specific examples of bisphenol compounds of formula (3) include 1,1-

bis(4-hydroxyphenyl) methane, l,l-bis(4-hydroxyphenyl) ethane, 2,2-bis(4-

hydroxyphenyl) propane (hereinafter "bisphenol A" or "BPA"), 2,2-bis(4-

hydroxyphenyl) butane, 2,2-bis(4-hydroxyphenyl) octane, l,l-bis(4-hydroxyphenyl)

propane, l,l-bis(4-hydroxyphenyl) n-butane, 2,2-bis(4-hydroxy-2-methylphenyl)

propane, l,l-bis(4-hydroxy-t-butylphenyl) propane, 3,3-bis(4-hydroxyphenyl)

phthalimidine, 2-phenyl-3,3-bis(4-hydroxyphenyl) phthalimidine (PPPBP), and l,l-bis(4-

hydroxy-3-methylphenyl)cyclohexane (DMBPC). Combinations comprising at least one

of the foregoing dihydroxy compounds can also be used.

[0055] In some embodiments, the polycarbonate is a linear homopolymer derived

from bisphenol A, in which each of A1 and A2 is p-phenylene and Y1 is isopropylidene in

formula (3).

[0056] The polycarbonates can have an intrinsic viscosity, as determined in

chloroform at 25°C, of 0.3 to 1.5 deciliters per gram (dl/g), specifically 0.45 to 1.0 dl/g.

The polycarbonates can have a weight average molecular weight (Mw) of 10,000 to

100,000 grams per mole (g/mol), as measured by gel permeation chromatography (GPC)

using a cross-linked styrene-divinyl benzene column, at a sample concentration of 1

milligram per milliliter, and as calibrated with polycarbonate standards. The



polycarbonate can have a melt volume flow rate (often abbreviated MVR) that measures

the rate of extrusion of a thermoplastics through an orifice at a prescribed temperature

and load. Polycarbonates for the formation of articles can have an MVR, measured at

300°C under a load of 1.2 kg according to ASTM D1238-10 or ISO 1133, of 0.5 to 80

cubic centimeters per 10 minutes (cc/10 min).

[0057] "Polycarbonates" and "polycarbonate resins" as used herein further

include homopolycarbonates, copolymers comprising different R1 moieties in the

carbonate (referred to herein as "copolycarbonates"), copolymers comprising carbonate

units and other types of polymer units, such as ester units, polysiloxane units, and

combinations comprising at least one of homopolycarbonates and copolycarbonates. As

used herein, "combination" is inclusive of blends, mixtures, alloys, reaction products, and

the like. A specific type of copolymer is a polyester carbonate, also known as a polyes

ter-polycarbonate. Such copolymers further contain, in addition to recurring carbonate

chain units of the formula (1), units of formula (6)

O O

I I I I
C T C O— 2— O (6)

wherein R2 is a divalent group derived from a dihydroxy compound, and can be, for

example, a C2-10 alkylene group, a C -2o alicyclic group, a C -2o aromatic group or a

polyoxyalkylene group in which the alkylene groups contain 2 to 6 carbon atoms,

specifically 2, 3, or 4 carbon atoms. R2 can be a C2-30 alkylene group having a straight

chain, branched chain, or cyclic (including polycyclic) structure. Alternatively, R2 can be

derived from an aromatic dihydroxy compound of formula (3) above, or from an aromatic

dihydroxy compound of formula (5) above. T is a divalent group derived from a

dicarboxylic acid (aliphatic, aromatic, or alkyl aromatic), and can be, for example, a C4_i

aliphatic group, a C -2o alkylene group, a C -2o alicyclic group, a C -2o alkyl aromatic

group, or a C -2o aromatic group.

[0058] Examples of aromatic dicarboxylic acids that can be used to prepare the

polyester units include isophthalic or terephthalic acid, 1,2-di(p-carboxyphenyl)ethane,

4,4'-dicarboxydiphenyl ether, 4,4'-bisbenzoic acid, and combinations comprising at least

one of the foregoing acids. Acids containing fused rings can also be present, such as in

1,4-, 1,5-, or 2,6-naphthalenedicarboxylic acids. Specific dicarboxylic acids are



terephthalic acid, isophthalic acid, naphthalene dicarboxylic acid, cyclohexane

dicarboxylic acid, or combinations thereof. A specific dicarboxylic acid comprises a

combination of isophthalic acid and terephthalic acid wherein the weight ratio of

isophthalic acid to terephthalic acid is 91:9 to 2:98. In another specific embodiment, R2

is a C2 -6 alkylene group and T is p-phenylene, m-phenylene, naphthalene, a divalent

cycloaliphatic group, or a combination thereof. This class of polyester includes the

poly(alkylene terephthalates).

[0059] The molar ratio of ester units to carbonate units in the copolymers can

vary broadly, for example 1:99 to 99:1, specifically 10:90 to 90:10, more specifically

25:75 to 75:25, depending on the desired properties of the final composition.

[0060] The thermoplastic composition can comprise a polyester-polycarbonate

copolymer, specifically a polyester-polycarbonate copolymer in which the ester units of

formula (6) comprise soft block ester units, also referred to herein as aliphatic

dicarboxylic acid ester units. Such a polyester-polycarbonate copolymer comprising soft

block ester units is also referred to herein as a poly(aliphatic ester)-polycarbonate. The

soft block ester unit can be a C -2o aliphatic dicarboxylic acid ester unit (where C -2o

includes the terminal carboxyl groups), and can be straight chain (i.e., unbranched) or

branched chain dicarboxylic acids, cycloalkyl or cycloalkylidene-containing dicarboxylic

acids units, or combinations of these structural units. In some embodiments, the C -2o

aliphatic dicarboxylic acid ester unit includes a straight chain alkylene group comprising

methylene (-CH 2- ) repeating units. In some embodiments, a soft block ester unit

comprises units of formula (6a)

(6a)
wherein m is 4 to 18, more specifically 8 to 10. The poly(aliphatic ester)-polycarbonate

can include less than or equal to 25 weight % of the soft block unit. The poly(aliphatic

ester)-polycarbonate can comprise units of formula (6a) in an amount of 0.5 to 10 weight

%, specifically 2 to 9 weight %, and more specifically 3 to 8 weight %, based on the total

weight of the poly(aliphatic ester)-polycarbonate. The poly(aliphatic esterj-

polycarbonate can have a glass transition temperature of 110 to 145°C, specifically 115 to

145°C, more specifically 128 to 139°C, even more specifically 130 to 139°C.



[0061] The poly(aliphatic ester) -polycarbonate is a copolymer of soft block ester

units with carbonate units. The poly(aliphatic ester)-polycarbonate is shown in formula

(6b)

where ea formula

(3) or (5), m is 4 to 18, and x and y each represent average weight percentages of the

poly(aliphatic ester) -polycarbonate where the average weight percentage ratio x:y is

10:90 to 0.5:99.5, specifically 9:91 to 1:99, and more specifically 8:92 to 3:97, where x+y

is 100.

[0062] Soft block ester units, as defined herein, can be derived from an alpha,

omega C -2o, specifically, C10-12 , aliphatic dicarboxylic acid or a reactive derivative

thereof. The carboxylate portion of the aliphatic ester unit of formula (6a), in which the

terminal carboxylate groups are connected by a chain of repeating methylene (-CH 2- )

units (where m is as defined for formula (6a)), can be derived from the corresponding

dicarboxylic acid or reactive derivative thereof, such as the acid halide (specifically, the

acid chloride), an ester, or the like. Exemplary alpha, omega dicarboxylic acids (from

which the corresponding acid chlorides can be derived) include alpha, omega C

dicarboxylic acids such as hexanedioic acid (also referred to as adipic acid); alpha, omega

Cio dicarboxylic acids such as decanedioic acid (also referred to as sebacic acid); and

alpha, omega C
12

dicarboxylic acids such as dodecanedioic acid (sometimes abbreviated

as DDDA). It will be appreciated that the aliphatic dicarboxylic acid is not limited to

these exemplary carbon chain lengths, and that other chain lengths within the C -2o

limitation can be used. In some embodiments, the poly(aliphatic ester)-polycarbonate

having soft block ester units comprising a straight chain methylene group and a bisphenol

A polycarbonate group is shown in formula (6c)

where m is 4 to 18 and x and y are as defined for formula (6b). In an embodiment, the

poly(aliphatic ester) -polycarbonate copolymer comprises sebacic acid ester units and



bisphenol A carbonate units (formula (6c), where m is 8, and the average weight ratio of

x:y is 6:94).

[0063] The poly(aliphatic ester)-polycarbonate copolymer, as described above,

can be a polycarbonate having aliphatic dicarboxylic acid ester soft block units randomly

incorporated along the copolymer chain. The introduction of the soft block segment

(e.g., a flexible chain of repeating CH2 units) in the polymer chain of a polycarbonate

reduces the glass transition temperatures (Tg) of the resulting soft block containing

polycarbonate copolymer. These materials are generally transparent and have higher

melt volume ratios than polycarbonate homopolymers or copolymers without the soft

block.

[0064] The poly(aliphatic ester)-polycarbonate copolymer, i.e., a polycarbonate

having aliphatic dicarboxylic acid ester soft block units randomly incorporated along the

copolymer chain, has soft block segment (e.g., a flexible chain of repeating -CH2- units)

in the polymer chain, where inclusion of these soft block segments in a polycarbonate

reduces the glass transition temperatures (Tg) of the resulting soft block-containing

polycarbonate copolymer. These thermoplastic compositions, comprising soft block in

amounts of 0.5 to 10 wt % of the weight of the poly(aliphatic ester)-polycarbonate, are

transparent and have higher MVR than polycarbonate homopolymers or copolymers

without the soft block.

[0065] The poly(aliphatic ester)-polycarbonate can have clarity and light

transmission properties, where a sufficient amount of light with which to make

photometric or fluorometric measurement of specimens contained within the channels

and/or wells of an article made thereof can pass through the thermoplastic composition.

The poly(aliphatic ester)-polycarbonate can have 80 to 100 % transmission, more

specifically, 89 to 100 % light transmission as determined by ASTM D 1003-1 1, using 3.2

mm thick plaques. The poly(aliphatic ester)-polycarbonate can also have low haze,

specifically 0.001 to 5 %, more specifically, 0.001 to 1 % as determined by ASTM

D 1003-1 1 using 3.2 mm thick plaques.

[0066] While the soft block units of the poly(aliphatic ester)-polycarbonate

copolymers cannot be specifically limited to the alpha, omega C -2o dicarboxylic acids

disclosed herein, it is believed that shorter soft block chain lengths (less than C ,



including the carboxylic acid groups) cannot provide sufficient chain flexibility in the

poly(aliphatic ester)polycarbonate to increase the MVR to the desired levels (i.e., greater

than or equal to 13 cc/lOmin at 250°C and 1.2 kg load); likewise, increasing the soft

block chain lengths (greater than C2o, including the carboxylic acid groups) can result in

creation of crystalline domains within the poly(aliphatic ester)-polycarbonate

composition, which in turn can lead to phase separation of the domains that can manifest

as reduced transparency and increased haze, and can affect the thermal properties such as

Tg (where multiple Tg values can result for different phase separated domains) and MVR

(decreasing MVR to values of less than 13 cc/10 min at 250°C and 1.2 kg load).

[0067] Exemplary thermoplastic compositions include poly(sebacic acid ester)-

co-(bisphenol A carbonate). It will be understood that a wide variety of thermoplastic

compositions and articles derived from them can be obtained by not only changing the

thermoplastic compositions (e.g., by replacing sebacic acid with adipic acid in the

poly(sebacic acid ester)-co-(bisphenol A carbonate) but by changing the amounts of

sebacic or other aliphatic acid content in the blends while maintaining a constant

molecular weight or while varying the molecular weight. Similarly, new thermoplastic

compositions can be identified by changing the molecular weights of the components in

the exemplary copolymer blends while keeping, for example, sebacic acid content

constant.

[0068] The ductility, transparency and melt flow of the thermoplastic

compositions may be varied by the composition of the poly(aliphatic ester)-

polycarbonate. For example, wt% of aliphatic dicarboxylic acid ester units (e.g., sebacic

acid) may be varied from 1 to 10 wt% of the total weight of the thermoplastic

composition. The distribution (in the polymer chain) of the sebacic acid (or other

dicarboxylic acid ester) in the copolymers may also be varied by choice of synthetic

method of the poly(aliphatic ester)-polycarbonate copolymers (e.g., interfacial, melt

processed, or further reactive extrusion of a low MVR poly(aliphatic ester)-polycarbonate

with a redistribution catalyst) to obtain the desired properties. In this way, thermoplastic

compositions having high flow (e.g. MVR of up to 25 cc/10 min. at 1.2 Kg and 250°C)

may further be achieved where the poly(aliphatic ester)-polycarbonate is too low in

MVR, or is opaque (where the soft blocks are too great in length, the concentration of the



soft block in the copolymer is too high, or where the overall molecular weight of the

copolymer is too high, or where the copolymer has a block architecture in which the soft

block units in the copolymer aggregate to form larger blocks), while transparent products

with greater than or equal to 85% transmission, haze of less than 1% (measured on a 3.2

mm thick molded plaque), and high flow (e.g., up to an MVR of 25 cc/10 min. at 1.2 Kg

and 250°C), and ductility may be obtained. Thermoplastic compositions having this

combination of properties is not obtainable from polycarbonate compositions of, for

example, bisphenol A polycarbonate homopolymer absent a poly(aliphatic ester)-

polycarbonate copolymer.

[0069] Polyester-polycarbonate copolymers generally can have a weight average

molecular weight (Mw) of 1,500 to 100,000 grams per mole (g/mol), specifically 1,700 to

50,000 g/mol. In an embodiment, poly(aliphatic ester)-polycarbonates have a molecular

weight of 15,000 to 45,000 g/mol, specifically 17,000 to 40,000 g/mol, more specifically

20,000 to 30,000 g/mol, and still more specifically 20,000 to 25,000 g/mol. Molecular

weight determinations are performed using gel permeation chromatography (GPC), using

a cross-linked styrene-divinylbenzene column and calibrated to polycarbonate references.

Samples are prepared at a concentration of 1 milligram (mg)/mL, and are eluted at a flow

rate of 1.0 mL/min.

[0070] Polyester-polycarbonates can exhibit melt flow rates as described by the

melt volume ratio (MVR) of 5 to 150 cubic centimeters (cc)/10 min, specifically 7 to 125

cc/10 min, more specifically 9 to 110 cc/10 min, and still more specifically 10 to 100

cc/10 min, measured at 300°C and a load of 1.2 kg according to ASTM D1238-10. The

poly(aliphatic ester)-polycarbonate can have an MVR of 66 to 150 g/10 min, and more

specifically 100 to 150 g/10 min, measured at 300°C and under a load of 1.2 kilograms

according to ASTM D1238-10. Commercial polyester blends with polycarbonate are

marketed under the trade name XYLEX®, including for example XYLEX® X7300, and

commercial polyester-polycarbonates are marketed under the trade name LEXAN® SLX

polymers, including for example LEXAN® SLX-9000, and are available from SABIC

Innovative Plastics (formerly GE Plastics). In an embodiment, poly(aliphatic ester)-

polycarbonates have an MVR of 13 to 25 cc/10 min, and more specifically 15 to 22 cc/10

min, measured at 250°C and under a load of 1.2 kilograms and a dwell time of 6 minutes,



according to ASTM D 1238- 10. Also in an embodiment, poly(aliphatic ester)-

polycarbonates have an MVR of 13 to 25 cc/10 min, and more specifically 15 to 22 cc/10

min, measured at 250°C and under a load of 1.2 kilograms and a dwell time of 4 minutes,

according to ISO 1133.

[0071] The thermoplastic composition can further comprise another thermoplastic

polymer such as a polycarbonate polyester copolymer different from the poly(aliphatic

ester) -polycarbonate copolymer, a polycarbonate, a polyester, a polysiloxane-

polycarbonate copolymer, or combinations comprising one or more of the foregoing.

[0072] The thermoplastic composition can thus comprise poly(aliphatic esterj-

polycarbonate copolymer, and optionally a polycarbonate polymer not identical to the

poly(aliphatic ester)-polycarbonate. Such added polycarbonate polymer may be included

but is not essential to the thermoplastic composition. In an embodiment, where desired,

the thermoplastic composition may include the polycarbonate in amounts of less than or

equal to 50 wt%, based on the total weight of poly(aliphatic ester)-polycarbonate and any

added polycarbonate. Specifically useful in the thermoplastic polymer include

homopolycarbonates, copolycarbonates, polyester-polycarbonates, polysiloxane-

polycarbonates, blends thereof with polyesters, and combinations comprising at least one

of the foregoing polycarbonate-type resins or blends. It should further be noted that the

inclusion of other polymers such as polycarbonate is permitted provided the desired

properties of the thermoplastic composition are not significantly adversely affected. In a

specific embodiment, a thermoplastic composition consists essentially of a poly(aliphatic

ester) -polycarbonate copolymer. In another specific embodiment, the thermoplastic

composition consists of poly(aliphatic ester)-polycarbonate copolymer.

[0073] When the poly(aliphatic ester)-polycarbonate is blended with other

polymer, the thermoplastic composition can comprise polycarbonate, including blends of

polycarbonate homo and/or copolymers, polyesters, polyester-polycarbonates other than

the poly(aliphatic ester)-polycarbonates disclosed above, or polysiloxane-polycarbonate

in an amount of less than or equal to 50 wt %, specifically 1 to 50 wt %, and more

specifically 10 to 50 wt %, based on the total weight ofpoly(aliphatic esterj-

polycarbonate and any added polycarbonate, provided the addition of the polycarbonate

does not significantly adversely affect the desired properties of the thermoplastic



composition. Where a polycarbonate is used in addition to the poly(aliphatic ester) -

polycarbonate, the polycarbonate (or a combination of polycarbonates, i.e., a

polycarbonate composition) can have an MVR measured at 300°C under a load of 1.2 kg

according to ASTM D1238-10 or ISO 1133, of 45 to 75 cc/10 min, specifically 50 to 70

cc/10 min, and more specifically 55 to 65 cc/10 min.

[0074] Polyesters can include, for example, polyesters having repeating units of

formula (6), which include poly(alkylene dicarboxylates), liquid crystalline polyesters,

and polyester copolymers. The polyesters described herein are generally completely

miscible with the polycarbonates when blended.

[0075] Such polyesters generally include aromatic polyesters, poly(alkylene

esters) including poly(alkylene arylates), and poly(cycloalkylene diesters). Aromatic

polyesters can have a polyester structure according to formula (8), wherein D and T are

each aromatic groups as described hereinabove. In an embodiment, aromatic polyesters

can include, for example, poly(isophthalate-terephthalate-resorcinol) esters,

poly(isophthalate-terephthalate-bisphenol A) esters, poly[(isophthalate-terephthalate-

resorcinol) ester-co-(isophthalate-terephthalate-bisphenol A)] ester, or a combination

comprising at least one of these. Also contemplated are aromatic polyesters with a minor

amount, e.g., 0.5 to 10 wt %, based on the total weight of the polyester, of units derived

from an aliphatic diacid and/or an aliphatic polyol to make copolyesters. Poly(alkylene

arylates) can have a polyester structure according to formula (8), wherein T comprises

groups derived from aromatic dicarboxylates, cycloaliphatic dicarboxylic acids, or

derivatives thereof. Examples of specific T groups include 1,2-, 1,3-, and 1,4-phenylene;

1,4- and 1,5- naphthylenes; cis- or trans- 1,4-cyclohexylene; and the like. Specifically,

where T is 1,4-phenylene, the poly(alkylene arylate) is a poly(alkylene terephthalate). In

addition, for poly(alkylene arylate), specific alkylene groups D include, for example,

ethylene, 1,4-butylene, and bis-(alkylene-disubstituted cyclohexane) including cis- and/or

trans- l,4-(cyclohexylene)dimethylene. Examples of poly(alkylene terephthalates)

include poly(ethylene terephthalate) (PET), poly(l,4-butylene terephthalate) (PBT), and

poly(propylene terephthalate) (PPT). Poly(alkylene naphthoates), such as poly(ethylene

naphthanoate) (PEN), and poly(butylene naphthanoate) (PBN), or poly(cycloalkylene



diesters) such as poly(cyclohexanedimethylene terephthalate) (PCT), can also be used.

Combinations comprising at least one of the foregoing polyesters can also be used.

[0076] Copolymers comprising alkylene terephthalate repeating ester units with

other ester groups can also be used. Ester units can include different alkylene

terephthalate units, which can be present in the polymer chain as individual units, or as

blocks of poly(alkylene terephthalates). Specific examples of such copolymers include

poly(cyclohexanedimethylene terephthalate)-co-poly(ethylene terephthalate), abbreviated

as PETG where the polymer comprises greater than or equal to 50 mole % of

poly(ethylene terephthalate), and abbreviated as PCTG where the polymer comprises

greater than 50 mole % of poly(l,4-cyclohexanedimethylene terephthalate).

[0077] Poly(cycloalkylene diester)s can also include poly(alkylene

cyclohexanedicarboxylate)s. Of these, a specific example is poly(l,4-cyclohexane-

dimethanol-l,4-cyclohexanedicarboxylate) (PCCD), having recurring units of formula

derived from 1,4-cyclohexanedimethanol, and T is a cyclohexane ring derived from

cyclohexanedicarboxylate or a chemical equivalent thereof, and can comprise the cis-

isomer, the trans-isomer, or a combination comprising at least one of the foregoing

isomers.

[0078] The polyesters can be obtained by interfacial polymerization or melt-

process condensation as described above, by solution phase condensation, or by

transesterification polymerization wherein, for example, a dialkyl ester such as dimethyl

terephthalate can be transesterified with ethylene glycol using acid catalysis, to generate

poly(ethylene terephthalate). It is possible to use a branched polyester in which a

branching agent, for example, a glycol having three or more hydroxyl groups or a

trifunctional or multifunctional carboxylic acid has been incorporated. Furthermore, it is

sometimes desirable to have various concentrations of acid and hydroxyl end groups on

the polyester, depending on the ultimate end use of the composition.



[0079] The thermoplastic composition can comprise a polysiloxane-

polycarbonate copolymer, also referred to as a polysiloxane-polycarbonate. The

polysiloxane (also referred to herein as "polydiorganosiloxane") blocks of the copolymer

comprise repeating siloxane units (also referred to herein as "diorganosiloxane units") of

formula (8):

wherein each occurrence of R is same or different, and is a C1-13 monovalent organic

radical. For example, R can independently be a C1-13 alkyl group, C1-13 alkoxy group, C2_

13 alkenyl group, C2 _i 3 alkenyloxy group, C3-6 cycloalkyl group, C3-6 cycloalkoxy group,

C -i4 aryl group, C -io aryloxy group, C7-13 arylalkyl group, C7-13 arylalkoxy group, C7-13

alkylaryl group, or C7-13 alkylaryloxy group. The foregoing groups can be fully or par

tially halogenated with fluorine, chlorine, bromine, or iodine, or a combination thereof.

Combinations of the foregoing R groups can be used in the same copolymer.

[0080] The value of D in formula (8) can vary widely depending on the type and

relative amount of each component in the thermoplastic composition, the desired

properties of the composition, and like considerations. Generally, D can have an average

value of 2 to 1,000, specifically 2 to 500, more specifically 5 to 100. In an embodiment,

D has an average value of 30 to 60, specifically 40 to 60. In another embodiment, D has

an average value of 45.

[0081] Where D is of a lower value, e.g., less than 40, it can be desirable to use a

relatively larger amount of the polycarbonate-polysiloxane copolymer. Conversely,

where D is of a higher value, e.g., greater than 40, it can be necessary to use a relatively

lower amount of the polycarbonate-polysiloxane copolymer.

[0082] A combination of a first and a second (or more) polysiloxane-

polycarbonate copolymer can be used, wherein the average value of D of the first

copolymer is less than the average value of D of the second copolymer. In one

embodiment, the polydiorganosiloxane blocks are provided by repeating structural units

of formula (9):



wherein D is as defined above; each R can independently be the same or different, and is

as defined above; and each Ar can independently be the same or different, and is a subst i

tuted or unsubstituted C -3o arylene radical, wherein the bonds are directly connected to

an aromatic moiety. Ar groups in formula (9) can be derived from a C -3o dihy-

droxyarylene compound, for example a dihydroxyarylene compound of formula (2), (3),

or (5) above. Combinations comprising at least one of the foregoing dihydroxyarylene

compounds can also be used. Specific examples of dihydroxyarylene compounds are 1,1-

bis(4-hydroxyphenyl) methane, l,l-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hy-

droxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis (4 -

hydroxyphenyl)octane, 1,1 -bis(4-hydroxyphenyl)propane, 1,1 -bis(4-hydroxyphenyl)n-

butane, 2,2-bis(4-hydroxy-l-methylphenyl)propane, l,l-bis(4-

hydroxyphenyl)cyclohexane, bis(4-hydroxyphenylsulphide), and l,l-bis(4-hydroxy-t-

butylphenyl)propane. Combinations comprising at least one of the foregoing dihydroxy

compounds can also be used.

[0083] Units of formula (9) can be derived from the corresponding dihydroxy

compound of formula (10)

wherein R, Ar, and D are as described above. Compounds of formula (10) can be

obtained by the reaction of a dihydroxyarylene compound with, for example, an alpha,

omega bisacetoxypolydiorgano siloxane under phase transfer conditions.

[0084] In another embodiment, polydiorgano siloxane blocks comprise units of

formula ( 11)



( 11)
wherein R and D are as described above, and each occurrence of R5 is independently a

divalent Ci_3o alkylene, and wherein the polymerized polysiloxane unit is the reaction

residue of its corresponding dihydroxy compound. In a specific embodiment, the

polydiorganosiloxane blocks are provided by repeating structural units of formula (12)

wherein R and nt ly a

divalent C2-8 , aliphatic group. Each M in formula (12) can be the same or different, and

can be a halogen, cyano, nitro, Ci_s alkylthio, Ci_s alkyl, C2_ alkoxy, C2_s, alkenyl, C 3-

alkenyloxy group, C3-8 cycloalkyl, C3-8 cycloalkoxy, C6-1 o aryl, C -io aryloxy, C7-12

arylalkyl, C _i 2 arylalkoxy, C7_i 2 alkylaryl, or C7_i 2 alkylaryloxy, wherein each n is

independently 0, 1, 2, 3, or 4 .

[0085] In some embodiments, M is bromo or chloro, an alkyl group such as

methyl, ethyl, or propyl, an alkoxy group such as methoxy, ethoxy, or propoxy, or an aryl

group such as phenyl, chlorophenyl, or tolyl; R5 is a dimethylene, trimethylene or

tetramethylene group; and R is a Ci_s alkyl, halo alkyl such as trifluoropropyl, cyano alkyl,

or aryl such as phenyl, chlorophenyl or tolyl. In some embodiments, R is methyl, or a

mixture of methyl and trifluoropropyl, or a mixture of methyl and phenyl. In still another

embodiment, M is methoxy, n is one, R5 is a divalent Ci_3 aliphatic group, and R is

methyl.

[0086] Units of formula (12) can be derived from the corresponding dihydroxy

polydiorgano siloxane (13)



wherein R, D, M, R5, and n are as described above. Such dihydroxy polysiloxanes can be

made by effecting a platinum catalyzed addition between a siloxane hydride of formula

(14)

wherein R and D are as previously defined, and an aliphatically unsaturated monohydric

phenol. Aliphatically unsaturated monohydric phenols include, for example, eugenol, 2-

allylphenol, 4-allyl-2-methylphenol, 4-allyl-2-phenylphenol, 4-allyl-2-bromophenol, 4-

allyl-2-t-butoxyphenol, 4-phenyl-2-phenylphenol, 2-methyl-4-propylphenol, 2-allyl-4,6-

dimethylphenol, 2-ally 1-4-bromo-6-methylphenol, 2-allyl-6-methoxy-4-methylphenol

and 2-allyl-4,6-dimethylphenol. Mixtures comprising at least one of the foregoing can

also be used.

[0087] Polysiloxane -polycarbonates comprise 50 to 99.9 wt % of carbonate units

and 0 .1 to 50 wt % siloxane units, based on the total weight of the polysiloxane -

polycarbonate. Specific polysiloxane-polycarbonate copolymers comprise 90 to 99 wt %,

specifically 75 to 99 wt %, of carbonate units and 1 to 25 wt %, specifically 1 to 10 wt %,

siloxane units. An exemplary polysiloxane-polycarbonate copolymer can comprise 6 wt

% siloxane units. Another exemplary polysiloxane-polycarbonate comprises 20 wt %

siloxane units. All references to weight percent compositions in the polysiloxane-

polycarbonate are based on the total weight of the polysiloxane-polycarbonate

[0088] Exemplary polysiloxane-polycarbonates comprise polysiloxane units

derived from dimethylsiloxane units (e.g., formula ( 11) where R is methyl), and

carbonate units derived from bisphenol A, e.g., the dihydroxy compound of formula (3)

in which each of A1 and A2 is p-phenylene and Y1 is isopropylidene. Polysiloxane-

polycarbonates can have a weight average molecular weight of 2,000 to 100,000 g/mol,

specifically 5,000 to 50,000 g/mol. Some specific polysiloxane-polycarbonates have, for

example, a weigh average molecular weight of 15,000 to 45,000 g/mol. Molecular

weights referred to herein are as measured by gel permeation chromatography using a

cross-linked styrene-divinyl benzene column, at a sample concentration of 1 milligram

per milliliter, and as calibrated with polycarbonate standards.



[0089] A polysiloxane-polycarbonate can have a melt volume flow rate, measured

at 300°C under a load of 1.2 kg, of 1 to 50 cc/10 min, specifically 2 to 30 cc/10 min. In

an embodiment, the polysiloxane-polycarbonate has a melt volume rate measured at

300°C under a load of 1.2 kg, of 5 to 15 cc/10 min, specifically 6 to 14 cc/10 min, and

specifically 8 to 12 cc/10 min mixtures of polysiloxane-polycarbonates of different flow

properties can be used to achieve the overall desired flow property. In an embodiment,

exemplary polysiloxane-polycarbonates are marketed under the trade name LEXAN®

EXL polycarbonates, available from SABIC Innovative Plastics (formerly GE Plastics).

[0090] The thermoplastic composition can further include various other additives

ordinarily incorporated with thermoplastic compositions of this type, where the additives

are selected so as not to significantly adversely affect the desired properties of the

thermoplastic composition. Mixtures of additives can be used. Such additives can be

mixed at a suitable time during the mixing of the components for forming the

thermoplastic composition.

[0091] Additives contemplated herein include, but are not limited to, impact

modifiers, fillers, colorants including dyes and pigments, antioxidants, heat stabilizers,

light and/or UV light stabilizers, reinforcing agents, light reflecting agents, surface effect

additives, plasticizers, lubricants, mold release agents, flame retardants, antistatic agents,

anti-drip agents, radiation (gamma) stabilizers, and the like, or a combination comprising

at least one of the foregoing additives. A combination of additives can be used, for

example a combination of a heat stabilizer, mold release agent, and ultraviolet light

stabilizer. Specifically, a combination of additives can be used comprising one or more

of an antioxidant such as IRGAPHOS*, pentaerythritol stearate, a compatibilizer such as

JONCRYL* epoxy, a quaternary ammonium compound such as tetramethyl ammonium

hydroxide or tetrabutyl ammonium hydroxide, and a quaternary phosphonium compound

such as tetrabutyl phosphonium hydroxide or tetrabutyl phosphonium acetate. In general,

the additives are used in the amounts generally known to be effective. The total amount

of additives (other than any impact modifier, filler, or reinforcing agents) is generally

0.01 to 5 weight %, based on the total weight of the composition. While it is

contemplated that other resins and/or additives can be used in the thermoplastic



compositions described herein, such additives while desirable in some exemplary

embodiments are not essential.

[0092] The thermoplastic composition can comprise poly(aliphatic esterj-

polycarbonate in an amount of 50 to 100 wt %, based on the total weight of poly(aliphatic

ester)-polycarbonate and any added polycarbonate. The thermoplastic composition can

comprise only poly(aliphatic ester)-polycarbonate. The thermoplastic composition can

comprise poly(aliphatic ester)-polycarbonate that has been reactive ly extruded to form a

reaction product. The thermoplastic composition can comprise a blend of poly(aliphatic

ester)-polycarbonate that has been reactively extruded.

[0093] The thermoplastic composition can comprise a soft block content (i.e., an

alpha, omega C -2o dicarboxylic acid ester unit content) of 0.5 to 10 wt %, specifically 1

to 9 wt %, and more specifically 3 to 8 wt %, based on the total weight of the

poly(aliphatic ester)-polycarbonate copolymer and any added polycarbonate.

[0094] The thermoplastic composition can have clarity and light transmission

properties, where a sufficient amount of light with which to make photometric or

fluorometric measurement of specimens contained within the channels and/or wells of an

article made thereof can pass through the thermoplastic composition. Thermoplastic

composition can have 80 to 100 % transmission, more specifically, 89 to 100 % light

transmission as determined by ASTM D 1003-1 1, using 3.2 mm thick plaques. The

thermoplastic composition can also have low haze, specifically 0.001 to 5 %, more

specifically, 0.001 to 1 % as determined by ASTM D 1003-1 1 using 3.2 mm thick

plaques.

[0095] The thermoplastic composition can have an MVR of greater than or equal

to 13 cc/10 min, specifically of 13 to 25 cc/10 min at 300°C under a load of 1.2 kg), more

specifically of 15 to 22 cc/10 min at 300°C under a load of 1.2 kg according to ASTM

D1238-10.

[0096] The thermoplastic compositions can further have an HDT of greater than

or equal to 100°C, more specifically of 100 to 140°C measured at 1.82 mega Pascal

(MPa) using unannealed 3.2 mm plaques according to ASTM D648-07. The

thermoplastic compositions can also have an HDT of greater than or equal to 115°C,



more specifically of 115 to 155°C measured at 0.45 MPa using unannealed 3.2 mm

plaques according to ASTM D648-07.

[0097] The thermoplastic compositions can further have a Notched Izod Impact

of 400 to 700 Joules per meter (J/m) or 510 to 650 J/m, measured at 23°C using 1/8-inch

thick bars (3.18 mm) in accordance with ASTM D256-10. The thermoplastic

compositions can further have a Notched Izod Impact ductilities of 30 to 100 % or 50 to

100 %, measured at 23°C using 1/8-inch thick bars (3.18 mm) in accordance with ASTM

D256-10.

[0098] The thermoplastic compositions can have an instrumented impact energy

at peak of 40 to 80 J/m or 50 to 70 J/m, measured at 23°C in accordance with ASTM

D3763-10. The thermoplastic compositions can have an instrumented impact ductility of

65 to 100 % or 85 to 100 % measured at 23°C in accordance with ASTM D3763-10.

[0099] The thermoplastic compositions can have a tensile or a flexural modulus

of 1500 to 3500 MPa or 2000 to 3000 MPa measured at 0.2 inches (in)/min

(approximately 5.0 mm/min) in accordance with ASTM D638-10. The thermoplastic

compositions can have a tensile stress at yield of 35 to 100 MPa or 50 to 80 MPa

measured at 0.2 in/min in accordance with ASTM D638-10. The thermoplastic

compositions can have a tensile stress at break of 35 to 100 MPa or 50 to 80 MPa

measured at 0.2 in/min in accordance with ASTM D638-10. The polycarbonate

compositions can have a tensile strain at yield of 2 to 10 % or 5 to 8 % measured at 0.2

in min in accordance with ASTM D638-10. The thermoplastic compositions can have a

tensile strain at break of 85 to 150 % or 95 to 110 % measured at 0.2 in/min in

accordance with ASTM D638-10.

[00100] Polycarbonates and polyestercarbonates can be manufactured by

processes such as inter facial polymerization and melt polymerization. Although the

reaction conditions for interfacial polymerization can vary, an exemplary process

generally involves dissolving or dispersing a dihydric phenol reactant in aqueous caustic

soda or potash, adding the resulting mixture to a water-immiscible solvent medium, and

contacting the reactants with a carbonate precursor in the presence of a catalyst such as,

for example, a tertiary amine or a phase transfer catalyst, under controlled pH conditions,



e.g., 8 to 10. The most commonly used water immiscible solvents include methylene

chloride, 1,2-dichloroethane, chlorobenzene, toluene, and the like.

[00101] Exemplary carbonate precursors include, for example, a carbonyl

halide such as carbonyl bromide or carbonyl chloride, or a halo formate such as a

bishalo formates of a dihydric phenol (e.g., the bischloro formates of bisphenol A ,

hydroquinone, or the like) or a glycol (e.g., the bishalo formate of ethylene glycol,

neopentyl glycol, polyethylene glycol, or the like). Combinations comprising at least one

of the foregoing types of carbonate precursors can also be used. In an exemplary

embodiment, an interfacial polymerization reaction to form carbonate linkages uses

phosgene as a carbonate precursor, and is referred to as a phosgenation reaction.

[00102] Among tertiary amines that can be used are aliphatic tertiary

amines such as triethylamine, tributylamine, eye lo aliphatic amines such as N,N-diethyl-

cyclohexylamine and aromatic tertiary amines such as N,N-dimethylaniline.

[00103] Among the phase transfer catalysts that can be used are catalysts of

the formula (R )4Q+X , wherein each R3 is the same or different, and is a C 1-10 alkyl

group; Q is a nitrogen or phosphorus atom; and X is a halogen atom or a Ci_s alkoxy

group or C6-1 8 aryloxy group. Exemplary phase transfer catalysts include, for example,

[CH 3(CH 2)3]4NX, [CH 3(CH 2)3]4PX, [CH (CH 2)5]4NX, [CH (CH 2) ]4NX,

[CH 3(CH 2)4]4NX, CH3[CH 3(CH 2)3]3NX, and CH3[CH3(CH 2)2]3NX, wherein X is CI , Br ,

a Ci_8 alkoxy group or a C6-1 8 aryloxy group. An effective amount o f a phase transfer

catalyst can be 0 .1 to 10 weight percent (wt %) based on the weight of bisphenol in the

phosgenation mixture. In another embodiment, an effective amount of phase transfer

catalyst can be 0.5 to 2 wt % based on the weight of bisphenol in the phosgenation

mixture.

[00104] When an interfacial polymerization is used as the polymerization

method, rather than utilizing the dicarboxylic acid (such as the alpha, omega C -2o

aliphatic dicarboxylic acid) per se, it is possible to employ the reactive derivatives of the

dicarboxylic acid, such as the corresponding dicarboxylic acid halides, and in particular

the acid dichlorides and the acid dibromides. Thus, for example instead of using

isophthalic acid, terephthalic acid, or a combination comprising at least one of the

foregoing (for poly(arylate ester)-polycarbonates), it is possible to employ isophthaloyl



dichloride, terephthaloyl dichloride, and a combination comprising at least one of the

foregoing. Similarly, for the poly(aliphatic ester)-polycarbonates, it is possible to use, for

example, acid chloride derivatives such as a C dicarboxylic acid chloride (adipoyl

chloride), a C
10

dicarboxylic acid chloride (sebacoyl chloride), or a C
12

dicarboxylic acid

chloride (dodecanedioyl chloride). The dicarboxylic acid or reactive derivative can be

condensed with the dihydroxyaromatic compound in a first condensation, followed by in

situ phosgenation to generate the carbonate linkages with the dihydroxyaromatic com

pound. Alternatively, the dicarboxylic acid or derivative can be condensed with the

dihydroxyaromatic compound simultaneously with phosgenation.

[00105] Alternatively, melt processes can be used to make the

polycarbonates. Generally, in the melt polymerization process, polycarbonates can be

prepared by co-reacting, in a molten state, the dihydroxy reactant(s) and a diaryl

carbonate ester, such as diphenyl carbonate, in the presence of a transesterification

catalyst in a BANBURY* mixer, twin screw extruder, or the like to form a uniform

dispersion. Volatile monohydric phenol is removed from the molten reactants by

distillation and the polymer is isolated as a molten residue. A specific melt process for

making polycarbonates uses a diaryl carbonate ester having electron-withdrawing

substituents on the aryls. Examples of specific diaryl carbonate esters with electron

withdrawing substituents include bis(4-nitrophenyl)carbonate, bis(2-chlorophe-

nyl)carbonate, bis(4-chlorophenyl)carbonate, bis(methyl salicyl)carbonate, bis(4-

methylcarboxylphenyl)carbonate, bis(2-acetylphenyl)carboxylate, bis(4-acetylphenyl)car-

boxylate, or a combination comprising at least one of the foregoing. In addition,

transesterification catalysts for use can include phase transfer catalysts of formula

(R4)4QA above, wherein each R4, Q, and X are as defined above. Examples of

transesterification catalysts include tetrabutylammonium hydroxide,

methyltributylammonium hydroxide, tetrabutylammonium acetate,

tetrabutylphosphonium hydroxide, tetrabutylphosphonium acetate, tetrabutylphos-

phonium phenolate, or a combination comprising at least one of the foregoing.

[00 106] All types of polycarbonate end groups are contemplated in the

polycarbonate composition, provided that such end groups do not significantly adversely

affect desired properties of the compositions.



[00107] Branched polycarbonate blocks can be prepared by adding a

branching agent during polymerization. These branching agents include polyfunctional

organic compounds containing at least three functional groups selected from hydroxyl,

carboxyl, carboxylic anhydride, haloformyl, and mixtures of the foregoing functional

groups. Specific examples include trimellitic acid, trimellitic anhydride, trimellitic

trichloride, tris-p-hydroxy phenyl ethane, isatin-bisphenol, tris-phenol TC (l,3,5-tris((p-

hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1, l-bis(p-hydroxyphenyl)-

ethyl)alpha, alpha-dimethyl benzyl) phenol), 4-chloroformyl phthalic anhydride, trimesic

acid, and benzophenone tetracarboxylic acid. The branching agents can be added at a

level of 0.05 to 2.0 weight %. Mixtures comprising linear polycarbonates and branched

polycarbonates can be used.

[00108] A chain stopper (also referred to as a capping agent) can be

included during polymerization. The chain stopper limits molecular weight growth rate,

and so controls molecular weight in the polycarbonate. Exemplary chain stoppers

include certain mono-phenolic compounds, mono-carboxylic acid chlorides, and/or

mono-chloroformates. Mono-phenolic chain stoppers are exemplified by monocyclic

phenols such as phenol and Ci_2 2 alkyl-substituted phenols such as p-cumyl-phenol,

resorcinol monobenzoate, and p-and tertiary-butyl phenol; and monoethers of diphenols,

such as p-methoxyphenol. Alkyl-substituted phenols with branched chain alkyl

substituents having 8 to 9 carbon atom can be specifically mentioned. Certain mono-

phenolic UV absorbers can also be used as a capping agent, for example 4-substituted-2-

hydroxybenzophenones and their derivatives, aryl salicylates, monoesters of diphenols

such as resorcinol monobenzoate, 2-(2-hydroxyaryl)-benzotriazoles and their derivatives,

2-(2-hydroxyaryl)-l,3,5-triazines and their derivatives, and the like.

[00109] Mono-carboxylic acid chlorides can also be used as chain stoppers.

These include monocyclic, mono-carboxylic acid chlorides such as benzoyl chloride, Ci_

22 alkyl-substituted benzoyl chloride, toluoyl chloride, halogen-substituted benzoyl

chloride, bromobenzoyl chloride, cinnamoyl chloride, 4-nadimidobenzoyl chloride, and

combinations thereof; polycyclic, mono-carboxylic acid chlorides such as trimellitic

anhydride chloride, and naphthoyl chloride; and combinations of monocyclic and

polycyclic mono-carboxylic acid chlorides. Chlorides of aliphatic monocarboxylic acids



with less than or equal to 22 carbon atoms are useful. Functionalized chlorides of

aliphatic monocarboxylic acids, such as acryloyl chloride and methacryoyl chloride, are

also useful. Also useful are monochloroformates including monocyclic, mono-

chloroformates, such as phenyl chloroformate, alkyl-substituted phenyl chloro formate, p-

cumyl phenyl chloroformate, toluene chloroformate, and combinations thereof.

[001 10] Where the melt volume rate of an otherwise compositionally

suitable poly(aliphatic ester) -polycarbonate is not suitably high, i.e., where the MVR is

less than 13 cc/10 min when measured at 250°C, under a load of 1.2 kg, the poly(aliphatic

ester) -polycarbonate can be modified to provide a reaction product with a higher flow

(i.e., greater than or equal to 13 cc/10 min when measured at 250°C, under a load of 1.2

kg), by treatment using a redistribution catalyst under conditions of reactive extrusion.

During reactive extrusion, the redistribution catalyst can be typically included in small

amounts of less than or equal to 400 parts per million (ppm) by weight, by injecting a

dilute aqueous solution of the redistribution catalyst into the extruder being fed with the

poly(aliphatic ester) -polycarbonate .

[00 111] The redistribution catalyst can be tetraalkylphosphonium

hydroxide, tetraalkylphosphonium alkoxide, tetraalkylphosphonium aryloxide, a

tetraalkylphosphonium carbonate, a tetraalkylammonium hydroxide, a

tetraalkylammonium carbonate, a tetraalkylammonium phosphite, a tetraalkylammonium

acetate, or a combination comprising at least one of the foregoing catalysts, wherein each

alkyl is independently a Ci_ alkyl. In a specific embodiment, a redistribution catalyst is a

tetra Ci_ alkylphosphonium hydroxide, Ci_ alkyl phosphonium phenoxide, or a

combination comprising one or more of the foregoing catalysts. An exemplary

redistribution catalyst is tetra-n-butylphosphonium hydroxide.

[001 12] The redistribution catalyst can be present in an amount of 40 to

120 ppm, specifically 40 to 110 ppm, and more specifically 40 to 100 ppm, by weight

based on the weight of the poly(aliphatic ester)-polycarbonate.

[001 13] The thermoplastic compositions described herein can be molded

into shaped articles by for example injection molding (such as one-shot or two-shot

injection molding), extrusion, rotational molding, blow molding, and thermo forming.



Desirably, the thermoplastic composition has excellent mold filling capability due to its

high flow properties.

[001 14] The thermoplastic composition can be manufactured, for example,

by mixing powdered poly(aliphatic ester)-polycarbonate copolymer, along with an added

polycarbonate and/or additives in a HENSCHEL MIXER high speed mixer. Other low

shear processes including but not limited to hand mixing can also accomplish this

blending. The blend can then be fed into the throat of an extruder via a hopper.

Alternatively, one or more of the components can be incorporated into the composition

by feeding directly into the extruder at the throat and/or downstream through a

sidestuffer. Additives can also be compounded into a masterbatch with a desired

polymeric resin and fed into the extruder. The extruder is generally operated at a

temperature higher than that necessary to cause the composition to flow, but at which

temperature components of the thermoplastic composition do not decompose so as to

significantly adversely affect the composition. The extrudate is immediately quenched in

a water bath and pelletized. The pellets, so prepared when cutting the extrudate, can be

one-fourth inch long or less as desired. Such pellets can be used for subsequent molding,

shaping, or forming.

[001 15] In a specific embodiment, the compounding extruder is a twin-

screw extruder. The extruder is typically operated at a temperature of 180 to 385°C,

specifically 200 to 330°C, more specifically 220 to 300°C, wherein the die temperature

can be different. The extruded thermoplastic composition is quenched in water and

pelletized.

[001 16] Further description of the details of the high flow thermoplastic

composition comprising polycarbonate can be found in U.S. patent application Serial No.

61/756,378 entitled "Polycarbonate Micro fluidic Articles", the disclosure of which is

incorporated herein by reference in its entirety.

[001 17] All ranges disclosed herein are inclusive of the endpoints, and the

endpoints are independently combinable with each other (e.g., ranges of "up to 25 weight

%, or, more specifically, 5 weight % to 20 weight %", is inclusive of the endpoints and

all intermediate values of the ranges of "5 weight % to 25 weight %," etc.).

"Combination" is inclusive of blends, mixtures, alloys, reaction products, and the like.



Furthermore, the terms "first," "second," and the like, herein do not denote any order,

quantity, or importance, but rather are used to denote one element from another. The

terms "a" and "an" and "the" herein do not denote a limitation of quantity, and are to be

construed to cover both the singular and the plural, unless otherwise indicated herein or

clearly contradicted by context. The suffix "(s)" as used herein is intended to include

both the singular and the plural of the term that it modifies, thereby including one or

more of that term (e.g., the film(s) includes one or more films). Reference throughout the

specification to "one embodiment", "another embodiment", "an embodiment", and so

forth, means that a particular element (e.g., feature, structure, and/or characteristic)

described in connection with the embodiment is included in at least one embodiment

described herein, and can or cannot be present in other embodiments. In addition, it is to

be understood that the described elements can be combined in any suitable manner in the

various embodiments.

[001 18] The terms "bottom" and/or "top" are used herein, unless otherwise noted,

merely for convenience of description, and are not limited to any one position or spatial

orientation.

[001 19] The endpoints of all ranges directed to the same component or property

are inclusive and independently combinable (e.g., ranges of "less than or equal to 25

weight %, or 5 weight % to 20 weight %," is inclusive of the endpoints and all

intermediate values of the ranges of "5 weight % to 25 weight %," etc.).

[00120] As used herein, the term "hydrocarbyl" and "hydrocarbon" refers broadly

to a substituent comprising carbon and hydrogen, optionally with 1 to 3 heteroatoms, for

example, oxygen, nitrogen, halogen, silicon, sulfur, or a combination thereof; "alkyl"

refers to a straight or branched chain, saturated monovalent hydrocarbon group;

"alkylene" refers to a straight or branched chain, saturated, divalent hydrocarbon group;

"alkylidene" refers to a straight or branched chain, saturated divalent hydrocarbon group,

with both valences on a single common carbon atom; "alkenyl" refers to a straight or

branched chain monovalent hydrocarbon group having at least two carbons joined by a

carbon-carbon double bond; "cycloalkyl" refers to a non-aromatic monovalent

monocyclic or multicylic hydrocarbon group having at least three carbon atoms,

"eye lo alkenyl" refers to a non-aromatic cyclic divalent hydrocarbon group having at least



three carbon atoms, with at least one degree of unsaturation; "aryl" refers to an aromatic

monovalent group containing only carbon in the aromatic ring or rings; "arylene" refers

to an aromatic divalent group containing only carbon in the aromatic ring or rings;

"alkylaryl" refers to an aryl group that has been substituted with an alkyl group as

defined above, with 4-methylphenyl being an exemplary alkylaryl group; "arylalkyl"

refers to an alkyl group that has been substituted with an aryl group as defined above,

with benzyl being an exemplary arylalkyl group; "acyl" refers to an alkyl group as

defined above with the indicated number of carbon atoms attached through a carbonyl

carbon bridge (-C(=0)-); "alkoxy" refers to an alkyl group as defined above with the

indicated number of carbon atoms attached through an oxygen bridge (-0-); and

"aryloxy" refers to an aryl group as defined above with the indicated number of carbon

atoms attached through an oxygen bridge (-0-).

[00121] Unless otherwise indicated, each of the foregoing groups can be

unsubstituted or substituted, provided that the substitution does not significantly

adversely affect synthesis, stability, or use of the compound. The term "substituted" as

used herein means that at least one hydrogen on the designated atom or group is replaced

with another group, provided that the designated atom's normal valence is not exceeded.

When the substituent is oxo (i.e., =0), then two hydrogens on the atom are replaced.

Combinations of substituents and/or variables are permissible provided that the

substitutions do not significantly adversely affect synthesis or use of the compound.

Exemplary groups that can be present on a "substituted" position include, but are not

limited to, cyano; hydroxyl; nitro; azido; alkanoyl (such as a C2_ alkanoyl group such as

acyl); carboxamido; Ci_ or Ci_ alkyl, cycloalkyl, alkenyl, and alkynyl (including groups

having at least one unsaturated linkages and from 2 to 8, or 2 to 6 carbon atoms); Ci_ or

Ci_ alkoxy groups; C
6-1

o aryloxy such as phenoxy; Ci_ alkylthio; Ci_ or Ci_

alkylsulfmyl; Ci_ or Ci_ alkylsulfonyl; aminodi(Ci_6 or Ci_ )alkyl; C6-12 aryl having at

least one aromatic rings (e.g., phenyl, biphenyl, naphthyl, or the like, each ring either

substituted or unsubstituted aromatic); C7-19 alkylenearyl having 1 to 3 separate or fused

rings and from 6 to 18 ring carbon atoms, with benzyl being an exemplary arylalkyl

group; or arylalkoxy having 1 to 3 separate or fused rings and from 6 to 18 ring carbon

atoms, with benzyloxy being an exemplary arylalkoxy group.



[00122] All cited patents, patent applications, and other references are

incorporated herein by reference in their entirety. However, if a term in the present

application contradicts or conflicts with a term in the incorporated reference, the term

from the present application takes precedence over the conflicting term from the

incorporated reference.

[00123] While the disclosure has been described with reference to an exemplary

embodiment, it will be understood by those skilled in the art that various changes can be

made and equivalents can be substituted for elements thereof without departing from the

scope of the disclosure. In addition, many modifications can be made to adapt a

particular situation or material to the teachings of the disclosure without departing from

the essential scope thereof. Therefore, it is intended that the disclosure not be limited to

the particular embodiment disclosed as the best mode contemplated for carrying out this

disclosure, but that the disclosure will include all embodiments falling within the scope of

the appended claims.



CLAIMS

1. A microwell plate comprising:

a skirt and frame portion having a top surface and a bottom surface, and having a

plurality of holes;

a well and deck portion, comprising a plurality of wells integrated with a planar

deck;

wherein the well and deck portion is overmolded or adhered onto the skirt and

frame portion such that the plurality of wells extends through the plurality of holes in the

top surface of the skirt and frame portion;

wherein the well and deck portion is formed from a thermoplastic composition

comprising a poly(aliphatic ester)-polycarbonate comprising soft block ester units,

derived from monomers comprising an alpha, omega C -2o aliphatic dicarboxylic acid or

derivative thereof, a dihydroxyaromatic compound, and a carbonate source.

2 . The microwell plate of claim 1, wherein the poly(aliphatic esterj-

polycarbonate is of formula (6b)

a poly(aliphatic ester)-polycarbonate of the formula (6b)

wherein m is 4 to 18, x and y each represent average weight percentages of the

poly(aliphatic ester)-polycarbonate wherein the average weight percentage ratio x:y is

10:90 to 1:99, wherein x+y is 100, and each R is independently derived from a

dihydroxyaromatic compound of formula 3)

wherein Ra and R are each independently a halogen, C1-12 alkoxy, or C1-12 alkyl;

and p and q are each independently integers of 0 to 4 or formula (5)

(5)



wherein each R is independently a halogen atom, a C1-10 hydrocarbyl such as a

Ci_io alkyl group, a halogen-substituted C1-10 alkyl group, a C -io aryl group, or a

halogen-substituted C -io aryl group, and n is 0 to 4 .

3 . The microwell plate of claim 2, wherein the poly( aliphatic ester)-

polycarbonate is of formula (6c)

wherein m is 4 to 18 and wherein the average weight percentage ratio x:y is 10:90

to 1:99, wherein x+y is 100.

4 . The microwell plate of claims 2 or 3, wherein the average weight ratio of

x:y is from 10:90 to 1:99.

5 . The microwell plate of any of claims 2-4, wherein m is 8.

6 . The microwell plate of any of claims 1-5, wherein the alpha, omega C -2o

aliphatic dicarboxylic acid or derivative thereof comprises sebacic acid.

7 . The microwell plate of any of claims 1-6, wherein the poly(aliphatic

ester)-polycarbonate has an MVR is 66 to 150 g/10 min measured at 300 °C and under a

load of 1.2 kilograms according to ASTM D1238-10.

8. The microwell plate of any of claims 1-7, wherein the poly(aliphatic

ester) -polycarbonate has an HDT of 80°C to 140°C measured at 0.45 mega Pascal (MPa)

using unannealed 3.2 mm plaques according to ASTM D648-07.

9 . The microwell plate of any of claims 1-8, wherein the poly(aliphatic

ester) -polycarbonate has an HDT of 80°C to 140°C measured at 1.82 mega Pascal (MPa)

using unannealed 3.2 mm plaques according to ASTM D648-07



10. The microwell plate of any of claims 1-9, wherein the poly(aliphatic

ester)-polycarbonate has a Notched Izod Impact (Nil) ductility of 30 to 100 %, measured

at 23 °C using 1/8-inch thick bars (3.18 mm) in accordance with ASTM D256-10.

11. The microwell plate of any of claims 1-10, wherein the poly(aliphatic

ester)-polycarbonate has a Notched Izod Impact (Nil) of 400 to 700 Joules per meter

(J/m) measured at 23°C using 1/8-inch thick bars (3.18 mm) in accordance with ASTM

D256-10.

12. The microwell plate of any of claims 1-1 1, wherein the well and deck

portion is overmolded onto the skirt and frame portion.

13. The microwell plate of any of claims 1-1 1, wherein the well and deck

portion is adhered to the skirt and frame portion.

14. The microwell plate of any of claims 1-13, wherein the wells have a wall

thickness of less than or equal to 1 mm.

15. The microwell plate of claim 1, wherein the wells have a wall thickness of

0.005 to 1 mm.

16. The microwell plate of claim 1, wherein the wells have a wall thickness of

0.01 to 0.5 mm.

17. The microwell plate of claim 1, wherein the wells have a wall thickness of

0.05 to 0.2 mm.



18. The microwell plate of any of claims 1-17, wherein the poly(aliphatic

ester)-polycarbonate is derived from monomers consisting essentially of

the alpha, omega C -2o aliphatic dicarboxylic acid or derivative thereof,

the dihydroxyaromatic compound, and

the carbonate source.

19. A method of constructing a microwell plate according to any of claims 1-

18, comprising:

molding an insert of a first material, wherein the insert comprises a plurality of

holes formed in a top surface of the insert;

positioning the insert to receive a second material comprising the thermoplastic

composition comprising a poly(aliphatic ester)-polycarbonate comprising soft block

ester units, derived from monomers comprising an alpha, omega C -2o aliphatic

dicarboxylic acid or derivative thereof, a dihydroxyaromatic compound, and a carbonate

source;

applying the second material to the insert; and

molding an over-mold of the second material, wherein the over-mold is a planar

deck and a plurality of wells integrally formed with the top surface of the insert and the

plurality of holes to produce a unitary plate.



20. A method of constructing a microwell plate, comprising:

forming a skirt and frame portion of a first material, wherein the skirt and frame

portion includes a plurality of holes formed in a top surface of the skirt and frame

portion;

forming a well and deck portion of a second material comprising the

thermoplastic composition comprising a poly(aliphatic ester)-polycarbonate comprising

soft block ester units, derived from monomers comprising an alpha, omega C -2o

aliphatic dicarboxylic acid or derivative thereof, a dihydroxyaromatic compound, and a

carbonate source, wherein the well and deck portion includes a plurality of wells formed

in a top planar deck of the well and deck portion and sized for insertion into the plurality

of holes of the skirt and frame portion; and

joining the well and deck portion to the skirt and frame portion such that the

plurality of wells are disposed in the plurality of holes.
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