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- Summary -

I. Subject

Development of Production Technology for High Performance Insulators Using

CO; as a Substitutional Foaming Gas
. Purpose and Need of Research and Development

Hydro chloro fluoro carbon (HCFC) is an ozone depletion material which is
regulated for environment based on Montreal Protocol and its use has been
restricted from 2013 step by step and will be prohibited by 2030 in Korea
which belongs to developing country group. HCFC is one of the vulnerable
objects for carbon reducing construction materials based on Tokyo Protocol and
GWP (global warming potential) of HCFC is very high as it is 1,700~2,400
times as high as CO, = 1.

In our country, polystyrene insulators are made in the extrusion process 100%
using HCFC as its forming agent, which tends to increase. Accordingly, it is
necessary to develop a foaming technology of extrusion using an
environmentally friendly foaming agent.

Europe and Japan among other advanced countries which have been
previously regulated have formed a market with environmentally friendly
forming agents (carbon dioxide, hydrocarbons) as an alternative for environment
change while proceeding on technological development where various additives
are applied, and technological development for cell size structure improvements
as a plan for the high performance of insulators.

CO, gas used for one of the environmentally friendly foaming agents is one
of the by-products from power plants and steel plants; its price is about 1/20
or less comparing to that of HCFC; its used amount is 1/2 or less and its
economy is high but high pressure is necessary for using CO; as a foaming
agent and the equipment replacement and production technology development

are essential from the beginning. CO, has low performance in thermal
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conductivity and has a disadvantage that the mixing of materials is difficult in
the extruder process.

Accordingly, it is necessary to secure the applied technology development and
technology development to realize micro cell sizes for graphite as the advanced
technology.

Consequently, this study reviews and analyzes the physical properties of
extrusion insulators according to CO; substitution ratios to use CO. to substitute
for a forming agent and review characteristics for the thermal conductivity of
insulators according to mixing ratio in additives in an effort to suggest
applicable plans through the performance evaluation of insulators using CO»

and use it as a foaming agent for insulators in the extrusion process.

III. Content and Scope of Study

1. Final Study Goals

The final goals of this study is set in detail to the securing of current
performance for insulation 100% using an environmentally friendly foaming
agent (maintaining 0.030 W/mK of long-term thermal conductivity: on the basis
of the extrusion method no. 1, high performance insulators using graphite: 7%
improvement on insulation performance), policy suggestions  using
environmentally friendly insulators (revisions on specifications: mandatory use of
environmentally friendly foaming agents), and suggestions of certification
standards for environmentally friendly products, through which this study
makes contributions to the use of environmentally friendly foaming agents such
as CO; for insulator foaming agents in construction materials in our country, as
part of a study on the development of production technology for high

performance insulators using CO, as a substitutional foaming gas.

2. Study Goals by Year



Our study goals by year which have been carried out to achieve final goals

are shown below;

A. Study goals in the first year

(1) Design and partial substitution in securing insulation properties for
environmentally friendly foaming agents
= Secure the control technology of environmentally friendly foaming agents
* Cost down as well as identify properties for partial substitution
(maximum 30%) for the existing foaming agents
(2) Develop technology to improve insulation performance using additives
such as graphites, etc.
* Make trial products (products from environmentally friendly foaming

agents + combination with graphite products)

B. Study goals in the second year

(1) Secure the complete substitution technology with environmentally friendly
foaming agents

* Design primary extrusion machines

* Improve input amount with the input of subsidiary foaming agents
(2) Develop the improvement technology of insulation performance through
improving foaming cell structure

* Confirm performance through test beds (improved products in

environmentally friendly foaming agents + graphite + cell size)

* Facility supplementation

C. Study goals in the third year

_Xi_



(1) Optimize and practically use temperature and pressure control flow using
environmentally friendly foaming agents
* Optimization and practical use of temperature and pressure control flow
using environmentally friendly foaming agents
* Current performance or more of insulation performance using 50% of
environmentally friendly foaming agents
(2) Suggest the related specifications revision (draft) for policy suggestions

using environmentally friendly high-performance insulators

IV. Contents and Results of Research and Development Performance

The findings from research and development during the first, second and

third year are shown below;

Year Study contents Study results

* Europe and other foreign countries have
used materials from HFC to CO: and
Japan secured the production technology
of  replacement with hydrocarbons
(applying additives of graphite, carbon

black, etc.,, developing micro cell,
Survey on the

status of domestic
and foreign
technology
development

complex cell, etc. from the improvement
of cell structure as the foaming
technology)
= It is identified that our country is using
HCFC foaming agents. (The XPS
First year business stays at the early stage with a
passive approach depending on the
technology of companies which have
imported extrusion machines from the

advanced countries.)

* As CO; has high vitality with little role
Design plans to of

secure the insulation

lowering thermal conductivity, its
thermal conductivity increases in a short

f £ , :
Eirvof lrﬂr;arrll (rllfen talloy time without change over time. Use
friendly foaming graphite to lower thermal conductivity
agents due to these problems and lower the cell

size to design a method In minimizing
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(conductivity, convection

current and radiation)

heat delivery

Review the
production  process|
of partial
substitution for
environmentally
friendly foaming
agents

Derive process conditions on the first
pressure 1,600psi
temperature 200C — on the
extruder pressure 850psi and temperature
115C

extruder and

second

Performance| *

evaluation on
insulators using CO
as a substitutional
foaming agent

As a result of performance evaluation
strength, flexural
thermal conductivity,

on the compression
load,
combustibility and moisture permeance of
50 7 75mm with  CO,
substitution under process conditions of
the first extruder pressure 1,300psi and

destruction

insulators

temperature 200C — the second extruder
pressure 700psi and temperature 115C, it
KSM 3808 foaming polystyrene
standards but initial thermal conductivity
met the of the
standards long—term

met

low levels current

and thermal
conductivity did not meet standards.

As a result of performance evaluation
on the compression strength, flexural
destruction load,
combustibility and moisture permeance of
1000 7 110mm insulators with CO.
substitution under process conditions of

the first extruder pressure 1,300psi and

thermal conductivity,

temperature 220C — the second extruder
pressure 700psi and temperature 125C, it
met KSM 3808 foaming polystyrene
standards but initial thermal conductivity
levels of the

long-term
conductivity did not meet standards.

20% or more can be considered

applicable for the increased CO. use as a

met the low current

standards and thermal

substitutional foaming agent, and it can
be applied to 50 ~ 7bmm thick insulators

because performance for 50 75mm

— xiil —




thick insulators appeared to be higher
than that for 100 ~ 110mm thick
insulators.

As a result of experiments on the
compression strength, flexural destruction
load, thermal conductivity, combustibility
and moisture permeance of insulators
according to CO. substitution ratios under
maximum process conditions of the first
extruder pressure 1,600psi and
temperature 220C — the second extruder
pressure 850psi and temperature 125C, it
met KS M 3808 foaming polystyrene
standards, 302 or more of CO. can be
applicable, and performance on thermal
conductivity met the low levels of the
current standards.

As a result of performance evaluation
according to CO. substitution ratios for
optimal condition setting, compression
strength, flexural = destruction load,
thermal conductivity, combustibility and
moisture permeance met 4 =~ 64% to KS
M 3808 foaming polystyrene standards,
and process conditions are considered
applicable to the condition of the first
extruder pressure 1,600psi and
temperature 200C — the second extruder
pressure 850psi and temperature 115C

. Performance
evaluation on
insulators with the
addition of graphite

As a result of performance evaluation
on insulators with the addition of
graphite, compression strength, flexural
destruction load, thermal conductivity,
combustibility and moisture permeance
met 4 T 60% of KSM 3808 foaming
polystyrene standards.

Up to 309 substitution can be
considered possible for the increased use
of CO, as a substitutional foaming agent,
and performance on thermal conductivity
met the low levels of the current
standards, but the effect on performance
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improvement for insulators is thought to
exist due to the application of graphite.

Second
year

Supplementary
review on
production facilities

for improvements on
insulator
performance

Problems such as increased density,
increased thermal conductivity, unstable
surface and decreased thickness occurred
due to the
ratios, which are thought to result from
unstable cell structure, high temperature,
low air pressure, mixed foaming agents,

increased CO, substitution

etc. Accordingly, the review on materials
such as additional foaming agents was
requested as cost problem occurred
although extruders had to be replaced.
As a
replacement with thickness adjustment of
470mm — 450mm for die
supplementation, the cell structure was

result of the equipment

considered improved due to the increased
die pressure from thickness adjustment.

Performance
evaluation on
insulators according
to COz substitution
ratios where optimal
conditions are
applied

As a result of performance evaluation
on insulators according to CO2

substitution ratios where optimal
applied in the first
1,600psi and

temperature 200C — the second extruder

conditions are
extruder pressure
pressure 850psi and temperature 1157C,
compression strength 1s met by 18% or
more, flexural destruction load by 45%
or more, moisture permeance by 61% or
more and combustibility met KS M 3808
foaming polystyrene standards according
to the increase of CO substitution ratio
by 35750%, but
conductivity  and

initial thermal

long-term  thermal
conductivity failed to be met in 35% or
more of COz substitution ratio.

As a result of up to 50% application for
the increased use COz as a substitutional
agent, the
supplementation on the component
materials for insulators were considered

foaming improvement and

necessary because performance on

— Xy —




thermal conductivity met the low levels
of the current standards.

Long-term
durability review on
insulators with the
addition of graphite

Although compression strength, flexural
destruction load, thermal -conductivity
(initial and long-term), combustibility

and moisture permeance met KS M 3808
standards at a 5% addition ratio of
graphite with a 30%  CO: substitution
ratio, twist occurred for long-term
durability and review on supplementary
and additional materials was request for
it.

Performance
evaluation on
insulators according
to mixing ratios of

a subsidiary
foaming agent
(ethanol)

As a result of performance evaluation
on Iinsulators according to mixing ratios
of a subsidiary foaming agent (ethanol),
compression strength is met by 29% or
more, flexural destruction load by 31%
or more, moisture permeance by 60% or
more and combustibility met KSM 3808
foaming polystyrene standards according
to the increase of mixing ratios of a
subsidiary foaming agent (ethanol) by 5
~ 25%, and initial and long-term thermal
conductivity 1s met at 202 or more of
mixing ratios with a subsidiary foaming
agent (ethanol).

The review on the second subsidiary
foaming agent was requested as 20% or
more of mixing ratios with a subsidiary
foaming agent (ethanol) was considered
applicable to the increased use of CO: as
a substitutional foaming agent.

Cell structure
improvement

according to
pressure  variations
at the second
extruder

As a result of cell structure
improvement  according to  pressure
variations at the second extruder, initial
thermal conductivity is met by 49 or
more and long-term thermal conductivity
by 2% or more than KS M 3808
foaming polystyrene standards at 900psi
or more for insulation performance
according to the increase of pressure to

850 ~ 1,000psi at the second extruder,
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and 950psi for the
pressure was considered applicable stably

second extruder

in consideration of insulation performance
and economy.

Performance
evaluation where
COg, subsidiary
foaming agent and
cell structure
improvement
technology are
applied

As a result of performance evaluation

on insulators where CO., subsidiary
foaming agent and cell structure
improvement technology are applied,

compression strength is met by 22% or
more, flexural destruction load by 29%
or more, initial thermal conductivity by
5% or more, moisture permeance by 58%
or more and combustibility meet KS M
3808 polystyrene
according to mixing ratios of foaming

foaming standards

agents, and long-term thermal
conductivity 1s met at mixing ratios of
foaming agents for 30:20:50% or more.

Optimal conditions of insulators where
COq, subsidiary foaming agent and cell
structure improvement technology are
applied were considered applicable at
mixing ratios of foaming agents for
30:20:50% or more based on long—term

thermal conductivity.

Third year
(Final year)

As a result of our review on extrusion

Optimization and| process conditions with the first extruder
practical use of| pressure 1,400psi, 1,500psi and 1,600psi at
temperature and| temperature 200C — the second extruder
pressure control| pressure 750psi, 850psi and 950psi at
flow using| temperature 115C, optimal conditions
environmentally| were derived with the first extruder
friendly foaming| pressure 1,600psi and temperature 200T
agents — the second extruder pressure 950psi

and temperature 1157C.

Performance Density according to mixing ratios of
evaluation on| foaming agents appeared in the similar
insulators using| range with 31kg/m’ or more. Compression
50% of| strength failed to meet KS M 3808
environmentally| foaming polystyrene standards at
friendly foaming| 10:20:35:35% and  25:5:35:35%, and
agents flexural destruction load was met at 3 ~
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41% comparing to that of standards In
addition, moisture permeance was met at
9~63% compparing to that of standards.
Initial thermal conductivity failed to met
current KS M 3818 thermal
conductivity standards at mixing ratios
of 10:20:30:40%, 10:20:35:35%, 25:5:30:40%
25:5:35:35%, whereas long-term
thermal conductivity met KS M 3808
standards at 10:20:20:50%, 15:15:20:50%,

nitial

and

15:15:25:45%, 20:10:20:50% and
20:10:25:45%.

As a result of analysis on compression
strength, flexural  destruction  load,
thermal conductivity (initial and
long-term), moisture permeance and
combustibility of insulators according to
mixing ratios of foaming agent, they

appeared to be higher at 15:15:20:50%
with the cell size at 03lmm and
20:10:20:50% with the cell size of 0.33mm
than those of KS M 3808 standards.
Mixing ratios of foaming agents for
extrusion insulators using COZ2 were
considered applicable at 15:15:20:50% and
20:10:20:50% in consideration of stability
of thermal conductivity.

Suggestions for

the related
specifications
(draft)

suggestions

revision for
policy
u s 1 n g
environmentally
friendly
high-performance

insulators

We suggest a plan to activate
substitutional foaming agent materials as
the trend, the
restriction standards, by applying the
types of KS M 3808 standards to Type
A (things not using freons but using
hydrocarbon or carbon dioxide as a
foaming agent) and Type B (using

freons as a foaming agent).

international not as
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V. Utilization Plans of Research and Development Findings

The utilization plans of research and development findings from this study

performance are shown below;

Study goals

Utilization plans

Survey on the status
of domestic and foreign

Use for basic technology data for domestic and
foreign CO» substitution

environmentally friendly| *

foaming agents

Use for sata on the status of advanced
technology development
technology
Design plans to secure| Use for control technology data over
the insulation| environmentally friendly foaming agents
performance of Use for technological data about insulator
environmentally friendly| properties (thermal conductivity, etc.) in the
foaming agents insulator production technology using CO»
* Review the production Use for technological data about process
process of partial| conditions in the insulator production technology
substitution for| wusing CO9

Use for manufacturing technology of insulators
with CO substitution

Performance evaluation
on Insulators  using
CO2 as a substitutional
foaming agent

Use for basic data for substitution ratios with
proper use of environmentally friendly foaming
agents (COq, etc.)

Use for quality test,
technology using COq

evaluation and applied

Performance evaluation
on
addition of graphite

insulators with the .

Use for performance technology on insulators
with the addition of graphite

Use for improvement technology on insulation
performance where graphite is applied

Supplementary review
on production facilities
for improvements

insulator performance

on

Use for technological data about process
conditions in the insulator production technology
using COq

Use for manufacturing technology of insulators
with COy substitution

Performance evaluation
on insulators according
to  CO2  substitution
ratios where optimal

conditions are applied

Use for basic data for substitution ratios with
proper use of environmentally friendly foaming
agents (COq, etc.)

Use for quality test,
technology using COq

evaluation and applied

Long-term durability

Use for performance technology on insulators
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Study goals

Utilization plans

insulators
addition of

review  on
with the
graphite

with the addition of graphite
Use for improvement technology on insulation
performance where graphite is applied

Performance evaluation
on Insulators according

Use for manufacturing technology of insulators
where subsidiary foaming agents are applied

to mixing ratios of a Use for data as the complete substitution
subsidiary foaming| technology with environmentally friendly foaming
agent (ethanol) agents

Cell structure

improvement according
to pressure variations
at the second extruder

Use for data on cell structure improvement of
extrusion insulators
Use for cell size improvement technology

Performance evaluation
where CO., subsidiary
foaming agent and cell

Use for improvement technology of insulators
where optimal conditions are applied

structure  improvement
technology are applied

Optimization and
ractical use of ) L .
P Use for basic data on optimization and practical
temperature and

use of temperature and pressure control flow
pressure control flow ) ) } .
. ) using environmentally friendly foaming agents

using  environmentally

friendly foaming agents

Performance evaluation
using
50% of environmentally
friendly foaming agents

on insulators

Use for performance evaluation data on a
mixing ratio of environmentally friendly foaming

agents at 50%

Suggestions for the

related specifications
revision  (draft)  for
policy suggestions
using  environmentally
f r1 e n d 1l vy

high-performance
insulators

Use for data on revisions (draft) on the related
specifications
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o 1a ¢&E7]= GPPS, 2xA|, &
A, A7HA 5L 200~220C & =
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[218 23] 1A} 23k 4=V 8%

A3d XA AA COE 83 ddA A5HI}
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ZA AT AE AL GdAY ATHE A s ARG eH, F
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gk CO, WAE 020%= SUHgel  wWEk A" 74y AU|IAERES
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mixing ratio of CO, and ethanol

- 108 —



U} 220w 8E

2214 & 7] MEYHE(5.8 MPa, 6.5 MPa) CO, ¥ REZUIA (L) thA &
02 X35t A2, 234E7] WEYE 58 MPa ¥ o HZUIA (g
) EFE 10~25 %= Z7Fsol wet 504~621 N2 YERgon, Bzdsrx)(

AU

g) EFE 25 %olA 7P =A deEbgth £33 BRI ARE) EFE 10 %
1ol A FF393tFe FUete AFoE Ueigth 2a9ME7] wlE4E 65
MPa 7Z$-9] S33393l5S 49.0~63.0 N2 YElon, BxA] EFH|E 25:25:50
%ol A 71 =A YEbgTh HEA EFu gl wel 234E 7] vlEYE 5.8 MPa,
6.5 MPa X5 KS M 3808 71& Bt} A3|st= Ao = el 7]Fol w3kt
221t E 7] MlEYEE EFHIELS 30:20:50 %, 25:25:50 %ollA= A
UERd WA, 40:10:50 %, 35:15:50 % A% 2x1¢tE7] wlE9te 58 MPa KU} 6.5

MPaoll Al W& Ads BT ol TExAY A5d 423} &= 7|dd A
2l

O

o
o,
o
o
f

80.0
= Secondary extruder pressure 5.8 Hpa
Secondary extruder pressure 6.5 Hpa
. T0.0
=
g2.1 B3.0

§ 60.5 go.o
~ 60.0 57.8 s
1]
e
= 53.0
™
—
— 50.0 [ —— —
]
:
.

40,0 S ———— [ . —————— e i

20111
30.0
40: 10: 50X 35: 15: 50K 30: 20: hE 25: %5 50¥

Hixing ratio{C0,:Bthanol :HCFC)

[Z19 3.23] Flexural failure load according to the mixing ratio of
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[1¥ 3.24] Compressive strength according to the mixing ratio
of CO; and ethanol
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[1¥ 3.26] Cell size according to the mixing ratio of CO, and ethanol
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[71% 3.27] Density according to the mixing ratio
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[2¥ 3.28] Initial thermal conductivity according to the mixing
ratio
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0.0z HE—B—B— B = = ool = e e =

0.020
cT c2 €3 €4 CH C6 C7 CB €9 CI0 Ci11 Ci12 Ci13 C14 CI15 CI16

Specimen name

[Z29 3.29] Long-term thermal conductivity according to the
mixing ratio

A EFdvE e FI3I3F2 36.0~589 N=Z UelGor, A3 KS M
3808 TrANA AT FHHAEET JE Huh 3 % oldo® WSSt Ex
A EFHE C5 CoNA 7HE =4 YEEH. ol 3xkY BATERE LA
Cello] HAEHA7] WL o2 ATHT)

65.0

Flexural failure load {N)

Cl €2 €3 C4 C5 C6 CT CB C9 CI0O Ci1 CI12 C13 Ci14 C15 CI16
Specimen name

[713 3.30] Flexural failure load according to the mixing ratio
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_.
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Ci G2 C3 ©C4 C5 C6 CT CB C9 CI0O CI1 Ci12 CI13 Ci14 C15 CI6

Specimen name

[1¥ 3.31] Compressive strength according to the mixing ratio
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a0 F
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Hoisture permeance {(ng/m* - s- Pa)

50

40

30

Cl ©2 €3 C4 C5 ©C6 CT CB CO CI0 CI1 CI12 €13 Ci14 CI5 CI6
Specimen name

[Z1¥ 3.32] Moisture permeance according to the mixing ratio
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<3t 3.2> Combustibility according to the mixing ratio

. . Ethanol mixing HFC- 152a HCEFC
€O, nn()g/lr)lg ratio ratio mixing ratio mixing ratio Test result
° (%) (%) (%)

20 50 pass
25 45 pass

10 20 30 40 pass
35 35 pass
20 50 pass
25 45 pass

15 15 30 40 pass
35 35 pass
20 50 pass
25 45 pass

20 10 30 40 pass
35 35 pass
20 50 pass
25 45 pass

25 5 30 40 pass
35 35 pass

A}, Cell size &4
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0.2

0.0

8

Gl G2 C3 C4 C5 C6E C7 ©GC C3 CI0 CI1 €12 C13 C14 G15 GI16
Epecimen name

[713 3.33] Cell size according to the mixing ratio

(b) (c) (d) (e) ()
Specimens of Specimens of Specimens of Specimens of Specimens of Specimens of
the mixing the mixing the mixing the mixing the mixing the mixing
atio C1 ratio C2 ratio C3 ratio C4 ratio C5__ _ratio C6_

(g) (h) (1) G) (k) D
Specimens of Specimens of Specimens of Specimens of Specimens of Specimens of
the mixing the mixing the mixing
raio C9

the mixing

the mixing the mixing
_ratio

3 ati C7 ratio C11 ratio C12

-

T C38

(n)
Specimens of Specimens of Specimens of Specimens of
the mixing the mixing the mixing the mixing
ratio C13 ratio C14 ratio C15 ratio C16

[1¥ 3.34] According to the mixing ratio cell size

)
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Abstract
Hydrochlorofluorocarbon (HCFC) is an ozone—depleting substance that is subject to environmental regulations
based on the Montreal Protocol, and in Republic of Korea, which is regarded as a developing country, its use will
be restricted in phase starting in 2013 until finally being prohibited in 2030. HCFC is regulated Based on the Tokyo
Protocol, HCFC is a regulated construction material for carbon dioxide reduction with GWP of 1,700~2,400 times

that of CO,, with a GWP of 1.

Using the CO: in the heat insulating material in the extrusion process conditions are the first extruder, the
polystyrene resin (melting point) and the blowing agent (CO2:Ethanol:HCFC) as interval (Mixing zone) which is the
combined pressure 11.0 MPa, temperature 200 C, second within the extruder discharge pressure 6.5 MPa, and
determines that it is desirable to set the temperature of 115 C, the blowing agent mixing ratio (COs:Ethanol:
HCFC), taking into account the stability of the thermal conductivity of 30:20:50 %, 25:25:50 % is expected to be

utilized in the foaming agent.
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Table 1. Experimental factors and levels

First Second

extruder | extruder
CO, |Ethanol

processing |processing Insulator| e HCEC
i it mixing | mixin;
Condltlﬁggl Condl%%lg thicknesg . & ) & mixing ratio
Press Press (om) ratio | ratio %
ure perat ure perat (%) (%)
ure ure
(psi) (psi)
PV PP
25 25
30 20
1,600| 200 | 850 | 115 50 35 15 50
40 10
25 25
30 20
1,600| 200 | 950 | 115 50 35 15 50
40 10

2. AIEBME R H=4H]|
AREAIE B AlZAdH]= Table 29 2t

Table 2. Used materials and manufacturing equipment

Used materials Manufacturing equipment

- Manufacturing methods :

- CO, (More than 95 % Extrusion(Normal pressure)
purity, Liquid) - Major equipment

- General purpose polystyrene| - Material mixer

- Hydro chloro fluoro carbon | - First - Second extruder

- Ethanol (Melting equipment,

- Flame retardant(Hexabromoc Cooling equipment)
-yclododecane : Bromine - Plastic equipment,
based) Transfer equipment

- Cutting equipment
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Fig. 1. Atmospheric extrusion production process
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ratio of CO2 and ethanol
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A Study on the Physical Properties of Extrusion Method Insulating Board

in accordance with Blowing Agent a Mixing

Yoon, Sang Hyuck'r .

Song, Tae Hyeob - Lee, Sea Hyun

Advanced Building Research Division, Building Research Department, Korea Institute of Civil Engineering and
Building Technology

Abstract
Hydrochlorofluorocarbon (HCFC) is an ozone—depleting substance that is subject to environmental regulations
based on the Montreal Protocol, and in Republic of Korea, which is regarded as a developing country, its use will
be restricted in phase starting in 2013 until finally being prohibited in 2030. HCFC is regulated based on the Tokyo
Protocol, HCFC is a regulated construction material for carbon dioxide reduction with GWP of 1,700~2,400 times

that of CO,, with a GWP of 1.

KS M 3808 than in the reference indicated in the C5 (15:15:20:50 %) and C9 (20:10:20:50 %) 0.33mm 0.31mm

Cell

size is shown in the analysis, etc. The compressive strength of the insulation, foaming agent mixing ratio

according bending failure load, the thermal conductivity (initial and long—term), moisture permeability coefficient,

combustible results, showed superior.
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Table 1. Experimental factors and levels

First Second
extruder | extruder
processing |processing
iti iti [nsul HFC
conditions | conditions |nSula O, |Ethanol HCEC
tor | . . 152a .
| mixing | mixing | . | mixing .
thick . | mixing . [Specimen
ratio | ratio o ratio name
Tem |Press| Tem ness (%) (%) r (%)
Press (mm) (%)
perat| ure [perat|
ure
(MPa) ure |(MPa| ure
)] ) |[©
20 50 Cl
25 45 C2
10 20 30 40 C3
35 35 C4
20 50 C5
25 45 C6
15 15 30 40 C7
35 35 C8
11.0 {200 | 6.5 | 115 | 50 20 50 9
25 45 C10
20 10 30 40 Cl1
35 35 Cl12
20 50 C13
25 45 Cl4
25 > 30 40 C15
35 35 C16

2. AI27= ¥ HI=&H|

GEA A= AREH7], 1222 471, 4971, ©

71, 12k 220 de7], AA7] s gt AlxdvE
Fig. 13} o] Aiada A8sisith AHAlR 2 Axd
H]:= Table 29 2t

B ®Pressure sensore._

second extruder |-

Fig. 1. Atmospheric extrusion production process

Table 2. Used materials and manufacturing equipment

Used materials Manufacturing equipment

- Manufacturing methods :
Extrusion(Normal pressure)
- Major equipment
- Material mixer

- CO; (More than 95 %
purity, Liquid)

- General purpose polystyrene| - First - Second extruder
(Melting equipment,
Cooling equipment)

- Hydro chloro fluoro carbon
- Ethanol, HFC152a

- Flame retardant(Hexabromoc| - Plastic equipment,
-yclododecane : Bromine Transfer equipment
based) - First - Second Cutting

equipment

- Carrying equipment

3. 4
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Fig. 2. Optical microscope
measurement of insulation
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(b) Long-term thermal
conductivity

(a) Initial thermal
conductivity

Fig. 3. Experimental thermal conductivity of the
insulation
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Fig. 5. Compressive
strength test

Fig. 4. Flexural failure
load test

Fig. 7. Combustibility

Fig. 6. Moisture
permeance test test
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Initial thermal concuctivity (%/a-
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Fig. 9. Initial thermal conductivity according to
the mixing ratio
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Fig. 10. Long-term thermal conductivity
according to the mixing ratio
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Fig. 11. Flexural failure load according to the
mixing ratio
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Fig. 12. Compressive strength according to the
mixing ratio
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Fig. 13. Moisture permeance according to the
mixing ratio
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Table 3. Combustibility according to the mixing ratio

CO, mxang [Ethanol mixing] HFC- 152a HCFC
ratio ratio mixing ratio | mixing ratio | Test result
(%) %) (%) (%)

e

pass

10 20 30 40 pass

35 35 pass

e

pass

15 15 30 40 pass

35 35 pass

e

pass

20 10 30 40 pass

35 35 pass

gO 20 pass

5 5 pass

25 5 30 40 pass

35 35 pass

7. Cell size &M

] 2o w2 Cell size:= Fig. 149} 7o)
0.31~0.63 mn= WEbEow, C5, CollA 71 vl vet
Wk ol WAA] AAgk S| Sl Closed cellol 23
o FAo] A&sA o] Fold Aow Almyry Y

Cell size(mn)

€1 c2 £3 £4 €5 ©6 €7 CB €9 €10 C11 €12 £13 G4 CI5 CI6
Specimen name

Fig. 14. Cell size according to the mixing ratio

(a) Specimens (b) Specimens (c) Specimens (d) Specimens (e) Specimens (f) Specimens (g) Specimens (h) Specimens
of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing

ratio C1 ratio C2

ratio C3

atlo C5 ) ratlo C6 ratlo C7 _ ratlo C3

(i) Specimens (j) Specimens (k) Specimens (I) Specimens (m) Specimens (n) Specimens (o) Specimens (p) Specimens
of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing of the mixing

ratio C9 ratio C10 ratio C11
Fig. 15. According to the mixing ratio cell size

ratio C12

ratio C13 ratio C14 ratio C15 ratio C16
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