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SPECIFICATIONS, R&D
FOR INTERMODULE BLADDER ASSEMBLY

1. INSTALLATION

This section describes the procedures and tooling required for the installation of the intermodule
bladder assembly, which is installed into the gap between the inner and outer module of the
ITER CSMC.

1.1 Component Description
1.1.1 Intermodule bladder assembly description

The intermodule bladder assembly consists of eight bladder/shim units. Each unit is installed in-
to and fills a 45 degree segment of the annular gap between the inner and outer modules of the
ITER CSMC. These units are defined by MIT drawing 600-795-003 (Appendix A). Each unit
consists of three components that are preassembled and installed as units. A glass-epoxy lami-
nate shim plate extends vertically from the lower support structure plate up into the annular gap
between the upper pressure plates. This plate fills approximately one-third of the thickness of the
gap between the coil modules. A bladder assembly is positioned on both sides of the shim plate.
The bladder assembly consists of continuous Teflon film adjacent to each buffer zone on each
side of the shim plate and a two-sided bladder, with fill and vent tubes, adjacent to the conductor
section of the coil on each side of the shim plates. The Teflon film extends around the lower end
of the shim plate and is clamped to the upper end on both sides of the shim plate through the use
of fasteners. The weight of each bladder/shim unit is less than 25 kg at installation. Calculation
of gap dimensions and resin-fill capacities are contained in Appendix A.

1.1.1.1 Bladders

The bladders were manufactured from 0.12 mm thick glass-fabric-reinforced Teflon film. Both
bladders for each unit were formed on one length of film by welding additional pieces of film.
The two fill tubes and overflow tubes were also formed

by welding additional pieces of the film together. The bladder assembly is folded at its midpoint
over the lower end of the shim plate, and it is attached to the shim plate at the upper end. Each
bladder segment contains two fill tubes and one overflow (vent) tube. Each fill tube should ex-
tend to the bottom of the bladder; the overflow tube should extend from the top of the bladder.
The bladder assemblies are defined by MIT drawing 600-795-002 (Appendix A).

1.1.1.2 Shim plates
The shim plates are 3.2 mm (1/8 in) thick G-10 sheets. The plates are dimensioned vertically

to provide adequate clearance to fit in the space between the lower support plate and the upper
radial preload beams. Each plate is provided with 26 mm handling holes at the top end. The
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overall dimensions of each shim plate are 2921 mm (115 in) long X 1064 mm (42 in) wide and
are defined by MIT drawing 600-795-001 (Appendix A).

1.1.1.3 Epoxy

A low viscosity, room temperature cure, epoxy system with about 50 vol. % chopped glass (0.4
and 1.6 mm long fibers) is used to fill the bladders after installation in the annular gap between
the coil modules. This epoxy system is CTD-528, a two-part (resin‘hardener) system that must
be mixed at room temperature immediately before transfer pumping into the bladders. This resin
has a shelf life of one year and a pot (working) life of two hours at temperatures less than 25 °C.
The data sheets and properties of this resin system are contained in Appendix B and section 1.3.

1.1.2 Tooling and materials supplied by USHT

The USHT will supply ten bladder assemblies. Eight will be installed into the intermodule gap.
The two additional assemblies are provided as spares. The USHT will also supply eight shim
units. All hardware required for the assembly of the bladder/shim units will be supplied. Ade-
quate epoxy and catalyst will be provided for filling all bladder units. Two pumps (body, head,
controller; see section 1.4.3) and tubing will be supplied for transfer of the epoxy resin.

1.1.3 Tools and facility requirements to be supplied by JAHT
The JAHT will be required to supply overhead hoist and rigging to position and lower the
bladder/shim units into place. Simple measuring tools, such as a graduated scale, will be required

to confirm the position of each unit after installation. Electrical power (110 VAC, 1 KVA) will

be required for pumps. A source of clean, low pressure (0.5 bar) air or gas will be required for
leak testing of the biadder units.

1.2 Installation Procedure

1.2.1 Preinstallation inspection

Inspect all components for contamination or physical damage. Verify that there is no visible
evidence of puncture, tear, or weld failures in the bladder assemblies and that there are good
connections and no damage to the fill and overflow tubes.

1.2.2. Prerequisites for installation

Both CSMC modules are required to be in final position. Upper pressure plates are installed and
the coil assembly is prepared and ready for instaliation of upper radial preload beams. Verify
average intermodule gap of 10 mm 3 5 mm at all locations.

1.2.3. Preassembly of bladder/shim units

CAUTION: Use care in handling to avoid damage to bladder assemblies from sharp edges or
COrners.



The bladder assemblies must be folded over the lower end of the shim plates and be secured at

the top end with the fasteners provided for this purpose. This operation can be performed on a
horizontal tabletop surface.

1.2.4 Insertion of bladder/shim units

Lift one bladder/shim assembly to vertical and move it into position over the intermodule gap.
The assembly should be centered on one inner module upper pressure plate to +10 mm. Verify
positioning by measurement to each edge of the pressure plate. Carefully lower the assembly into
the intermodule gap until it reaches the bottom support plate. Verify vertical positioning by
measurement from top of upper pressure plate to top of shim plate. Verify that centering of the
unit on the upper pressure plate is within 10 mm.

This procedure is repeated until all eight units are in place.
1.2.5 Inspection prior to epoxy fill

1.2.5.1 Mechanical inspection

Reverify vertical positioning of all bladder/shim units as in section 1.2.4. Reverify centering of

units on upper pressure plates as in section 1.2.4. Measure coil to coil gap clearance around
circumference.

1.2.5.2 Leak test

Install supplied tube fittings, valves, and tube extensions on all fill inlets and install supplied
pressure gages on vent lines on all bladders. Close vent line valves. Using a source of dry, clean
air or gas at 0.5 bar, pressurize each bladder and close fill line valves. Record pressure readings
and time. After one hour, verify that the pressure reading has not decreased by more than TBD
in any bladder. I excessive pressure drop is observed, check all lines and fittings for leaks.

1.2.6 Epoxy fill

The epoxy fill system is defined in drawing 600-795-004 (Appendix A). The process involves
filling of both inner and outer bladders in one unit simultaneously. This step is repeated until all
eight units are filled in sequence. Note that it is not necessary to allow the epoxy to harden on
one unit before proceeding to repeat this procedure for the fill of the next unit.

1.2.6.1 Epoxy fill system connection

Disconnect the air supply and remove the gages that were used for leak testing. Connect the fill
tubing for the first pair of bladders to the two supplied peristaltic pumps. Lead the overflow lines
from the bladders into polyethylene overflow containers.

1.2.6.2 Mixing epoxy

Prior to mixing, both parts (resin, hardener) of the epoxy system should be thoroughly shaken
(or vibrated with paint-mixing tooling). The epoxy resin contains a large quantity of chopped
glass fibers that tend to settle when the resin is in storage.



The epoxy is to be mixed according to the directions supplied with the epoxy (CTD-528). All
information, including Material Safety Data Sheets and mixing instructions, are contained in
Appendix B. All required mixing apparatus is supplied with the epoxy.

The mixing of part A (the resin} to part B (the hardener) is 100 to 70 parts by weight. The resin
is intended to be mixed, transferred, and cured at room temperature (20-25 °C). The cure
scheduie to be used is 7 days at 20 to 25 °C.

Mix only enough resin to complete the transfer to one bladder/shim segment (two bladders on
each side of one G-10 sheet). The amount required will depend on the average gap between the
two coils. Each 5 gal. of CTD-528 (40 1b) must be mixed with 2.5 gal. of hardener (17 1b); thus,
about 7.5 gal. (57 Ib) is produced on mixing one batch. The working life of the resin is inversely
dependent on the volume of mixed resin. For 5 gal., this working life is estimated at 2 h. Prior
to mixing of the two-part resin, the gap distance between the two coils should be measured to
provide an estimate of the amount of resin required. The table below provides an approximate
guide to the amount of mixed resin that will be required per bladder unit (2 bladders), consider-
ing bladder and tube volumes and an excess of 1 L. Also, the time required to transfer this
amount of resin, considering a pumping rate of 0.6 L/min, is provided.

Total gap distance Resin volume  Time to

o e e
minimum = 7.7 9 (2.4) 8
average = 12.7 19 5.0) 16
maximum = 17.7 28 (7.4) 24

For average coil and material dimensions, calculations of bladder resin volume are included on a
data sheet in Appendix A.

1.2.6.3 Filling of bladders

Pumping should proceed immediately after mixing. Immerse the pump inlet tubes to the bottom
of the supply container. The pumps are peristaltic pumps that pump at approximately constant
volume flow rate (0.6 L/min). The pumps are operated until continuous fluid flow is observed in
the overflow line. At that point, the associated pump is stopped and filling continues into the
other bladder until continuous epoxy flow is observed in the overflow tube.

1.2.6.4 Removal of fill tubes

The fill line is disconnected from the pump, and the pumps are removed. The fill line is then
immersed in the overflow container along with the overflow line. The excess epoxy in the supply
container is discarded along with that container. The pump tubing is replaced with the replace-
ment tubing that is supplied with the pump, so that the pump is ready to be used to fill the next
unit. The fill and vent lines are left in the supply container until the epoxy has hardened, ap-
proximately 72 h at 20 °C. After the epoxy has hardened, both tubes are cut off near the top of
the upper pressure plates.



1.3 Epoxy Properties

The compressive properties of CTD-528 have been measured at 76 K. Cast specimen coupons
(7.5 X 7.0 X 7.0 mm "cubes"} were tested at a load rate of 0.02 mm/s in liquid nitrogen;

strain-gage extensometers were used to measure strain. The results (average of 3 tests) are listed
below

Value
Compressive property at 76 K

: Average Standard deviation

Young’s modulus 6.4 GPa 04 GPa
compressive strength 0.33 GPa 0.05 GPa
strain to failure 51 % 05 %

In this chopped-glass-reinforced epoxy resin system, the above properties are isotropic or
equivalent in all directions.

1.4 Research and Development
1.4.1 Resin development

The selection of the resin was based on the desire to increase the elastic moduli, yet a flexible
resin system must be provided that is capable of occupying all irregular spaces and dimensions
between the two coils and that must cure at room temperature. Compression tests were conducted
on the following resin systems prepared by Composite Technology Development (CTD):

(a) chopped glass, about 50 vol. %

(b) cotton reinforced, estimated 30 vol. %
(c) cotton reinforced, estimated 15 vol. %
(d) Al,0, filled, about 20 vol. %

{e) neat resin

All test specimens were cubes, 6 to 7 mm square. Tests were conducted in compression at 76 K.
The results of the selected resin system are reported in section 1.3. All results from the testing
laboratory (CTD) are contained in Appendix C.

1.4.2. Resin viscosity

The viscosity versus time of a small quantity (1 g) of the CTD-528 neat resin was measured at
room temperature. Also, larger quantities (1-3 gal.) of the neat and chopped-glass resin systems
were measured. These data are useful in assessing the working life of the mixed resin system.
They are contained in Appendix B. The viscosity dependence on time increases as the volume of
resin increases. Thus, the graph of viscosity versus time for the 1 g specimen is not conservative
and represents the best case. Resin temperature also increases with time, and this increase de-
pends on batch volume. As pointed out by CTD, temperature measurement is an easy way to
monitor resin working life.



1.4.3 Resin transfer trials

A dual head, peristaltic pumping system, consisting of Cole Parmer pump body, pump heads,
and controller, was assembled by CTD for the resin transfer trial. Pump specifications from
Cole Parmer are included below:

Part Name Order Number
pump body  Masterflex 07553-70
pump head  Masterflex L/S II 77201-60
controller Masterflex 07553-71
tubing Masterflex pump tubing LS/18 96420-18

The pump capacity is 0.6 L/min when using a pressure head of 9.8 kPa. The tubing is 95 mm
(3/8 in) I.D., and one package contains a tube length of 76 200 mm (25 ft).

A Teflon, fiberglass-reinforced, rectangular bladder was purchased that was about 1270 X 910
mm. It was mounted with dowel pins on a plywood panel, as illustrated in Figure 1. A horizontal
taper, from 5 to 15 mm, was included to assess the effect of thickness or gap variability. The
entire assembly is shown in Figure 2. Details about pumping times, resin volumes, and bladder
dimensions are contained in CTD worksheets in Appendix C.

Three thicknesses (gaps) were used in the trials: 5, 10, and 15 mm. In all cases, the resin easily
filled these volumes at the rate of 0.6 L/min. In total, about 5 gal. of resin were transferred in
30 min.

Subsequently, the entire impregnated bladder was cooled to 76 K, and no cracks or audible
"cracks" were detected in either the bladder or the resin.

Photographs of progress during the resin transfer are contained in Figure 3. Notice that there is
no interface from the flow of the resin from the inlet tubes on either side of the bladder. The
resin assumes a uniform horizontal front, as is clearly shown in Figure 3.

Thus, the resin system, the pumping equipment, and the bladder all appear to be applicable for
the inner/outer coil interface.
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Figure 1. Assembly of Teflon bladder on support structure. All dimensions in inches.
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Figure 2. Assembly of equipment for resin transfer trial.
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Figure 3. Filling of bladder during resin transfer experiment.
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10



Appendix A. Component and Assembly Drawings
and Dimension Calculations
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Dimension Calculations

Diameters: JA 1.D. 2734 mm

US O.D. 2707.1 mm (see attached LM measurements)
1.5 mm (paint thickness X 2)
2708.6 mm
Gap between coils:  25.4 mm X 1/2 = 12.7 mm

Thickness of G-10 shim plate: 3.2 mm
4 bladder walls: 0.5 mm

Average thickness of resin-fill volume: 12.7-3.2-0.5 mm = 0.9 mm

Total volume of resin fill (from bladder size): 9 mm X 1765 mm X 8433 mm
= 134 L (35.4 gal.)

Average volume of one bladder on one side of shim plate: 134 L/16 = 8.4 L (2.2 gal.)



Appendix B. Information on Epoxy Resin CTD-528



Low Viscosity & Long’Room 'Temperature Working Life

RESIN: CTD-587 PART A Yellow 100.0
HARDENER: CTD-528 PART B Clear 70.0

MIXING TEMPERATURE: 20-25°C

MIXING PROCEDURE:

»  Add 100 parts by weight of Part A (yellow) to 70 parts by weight of Part B (clear). Mix
thoroughly.
CURE: 2 Hrs. @ 80°C;
7 Days @ 25°C (>90% of properties will be obtained in 72 hours)

OPTIONAL POST CURE: 4 Hrs @ 125°C

HANDLING AND SAFETY:

The handling of this product should present no problems if ordinary care is exercised. Please
consult the MSDS for further mfoxmatlon and’récommiended personnel protection equipment.

This information, while believed to be completely reliable, is not to be taken as warranty for which we
assume legal responsibility. It is offered for considération, investigation, and verification,

COMPOSITE TECHNOLOG Y DE VELOPMENT, INC.

1505 Coal Creck Drive » Lafaye

Ph: (303) 664-0394 « Fx: (303) 664-0392
www,CTD-materials.com
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**MATERIAL SAFETY DATA SHEET**"

COMPOSITE TECHNOLOGY DEVELOPMENT, INC,
- 1505 COAL CREEK DRIVE
LAFAYETTE . COLORADO 80026

EME.FIGENCY TELEPHQNE NU_MBER: (303) 664 0384

1. PRODUG’T IDENTIFICATION

Trade Name and Synonyms
CT0-528-CG20 PART A

Chemical Name andior Famlly or fQu_Scrt_;itlcn
Formulated liquid epoxide resin with ine'n:ﬂ_ilers

CHEMICAL IDENTITY TRADE SECRET. OOMPO‘J THON WiLL BE REVEALED TO AHEALTH
PROFESSIONAL N THE CASE OF A MEDlCAL EMERGENCY

2, COMPOSITION/INFORMATION ON INGREDIENTS

Special Health Effects - CQrcmogsmcfty

Not a carcinogen as considerad by NTP, QARC or OSHA.

This product contalns less than 50 ppm Emcmomhydnn a substance known to be a carcinogen in
the State of California

CHEMICAL NAME CAS & BANGE % EXPOSURE LIMITS
Epoxide Resin mixture Proprielary 60 - 80 OSHA PEL - Not established
' ©OSHA STEL - Not established
ACGIH TWA - Not established
ACGIH STEL - Not established

3. HAZARDS IDENTIFICATION

Emorgoncy Overview: Warning! Causes imfation May cause allergic skin reacllons
Primary Route(s) of Entry: Dermal

4. FiRST AID MEASURES

EYE : Flush eyes with water for at least 15
min. Get medical attention if lrntatto_n occurs. .
SKIN CONTACT Wipe away excess malerial with dry lowel.

Wash with mild soap and plenty of water. Gat :
- medical attention if irritation occurs.

INHALATION - Remove lo fresh air. !t breathing is -
ditlicult, or irritation occurs, get medical
altention.

INGESTION Give 3-4 glasses of water. Do not lnduce.

_ vemiling. Get medical attention.

OVEREXPOSURE EFFECTS ' May cause moderate skin and mild eye

ittitation. May cause allergic skin reations.
MEDICAL CONDITIONS AGGRAVATED BY. EXPOS‘URE Allergy, eczema or skin conditions

CID-528-CO20 PART A - — Page 1 of 3

Date Printed: 12/898



cIb

SENSITIZATION

Negative

!__NFORMATION

Data not yet available

12, ECOLOGICAL

13. DISPOSAL CONSIDERATIONS

'According to Federa!, Stale, and Local ragﬁ'aﬂons "Not a hazardous waste under HCRA.

14. TRANSPORT INFORMATION

TSCA INVENTORY STATUS
SARATITLE 11

CERLA
CALIFORNIA PROPOSITION 65

DOT SHIPPING NAME Amines, liquid, corrosive n.0.s (contains
polyoxypropylenediamine)
DOT HAZARD CLASS 8
UN IDENTIFICATION NUMBER 2735
- PACKING GROUP T
LABEL REQUIRED Carrosive
15. REGULATORY INFORMATION
OSHA STATUS ' " This MSDS has been prepared in comphanoe
with Federal OSHA Hazard Connurnication
Slandard 29 CFR 1610.1200. This product is -
considered to be a hazardous chemical under
that standard.
RCRA Not a hazardous waste under RCRA

{40 CFR 261)

Chemicat components listed on TSCA
Inventory

This product does not contain a toxic
chemical under SEC. 313 (40 CFR 372)

‘Not listed _
This product does not contain any subslance

known to the State of California to cause
cancer or adverse reproductive sifects.

16. OTHER |NFORMATION

FOR TECHNICAL INFOHMATION CONTACT:

‘DR, NASEEM A. MUNSHI

' COORDINATOR OF PRODUCT SAFETY

COMPOSITE TECHNOLOGY DEVELOPMENT ING
1505 COAL. CREEK DRIVE

LAFAYETTE, CO 80026

(303) 664-0384

ISSUE DATE: 12/08/98
HEVISION DATE & NO.:

THE INFORMATIION AND RECOMMENDATIONS CONTAINED HEREIN ARE BASED UPON DATA BELIEVED
TO BE ACCURATE. HOWEVER, NO GUARANTEE OF WAHRRANTY OF ANY KIND EXPRESSED OR MPLIED
1S MADE WITH RESPECT TO THE INFORMATION CONTAINED HEREIN.

CTD-528-CG20 PART B o

Page3of3
Date Printed; 12/8/98
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FIRE AND EXPLOSION HAZARDS - Combustion products may be toxic

6. ACCIDENTAL aét.gAsz MEASURES

ACCIDENTAL RELEASE, BHEN(AGE’OﬁLEAK _‘Avoid all personal contact. Absorb onto

_ i asorbent material. Shovel into closeable
" gontalners. Flush area with water. Do not
flush residue into sewers discharging Into
dorhestic water systems or natural waterways.
Wear protective equipment. Ventilate area.

7. HANDLING: A.‘.;.D STORAGE

'STORAGETEMPERATUFfE E R li! stored above 100°F, & nitrogen atmosphere
' " recommended.
HANDLMNG/STORAGE © . Store in cool, dry area in closed containars.

Avoid breathing vapor, mist or spray. Use only
- with adequate ventilation. Eye wash and safety
shower should be avallable nearby when

product is handled. For lndusu!al use only.

8. EXPOSURE comag:,s: 'ERSONAL PROTECTION _

EYES " Chemical goggles; do not weat conlact Ienses

SKIN ~ Lab coats or coveralls, and impsrvious rubber
. gloves.

INHALATION ' Use NIOSH approved respirator suitable Yor

: - - organlc vapors. o
VENTRATION : - Local Exhaust.
EXPOSURE LIMITF()RPHODUCT S Not. established
g, PHYSICAL AND mggwlCAL PROPERTlEs

PHYSICAL FORM Liquid

APPEARANCE AND ODOR , Ctear; ammoniacal odor

SOLUBILITY INWATER Soluble

SPECIFIC GRAVITY .- Not determined

BOILING POINT . »200°C

DECOMPOSIT IONTEMPERATURE . w 250°C

10. STABmw Mp REACTIVITY

STABILITY | - Stable

INCOMPATIBILITIES : . 8treng oxidants, strong acids

HAZARDOUS DECOMPOSITION PRODUCTS - Ammonia, carboh monoxide, nitric oxides

HAZARDOUS POLYMERIZATION © 1 Wil not ocout

CONDITIONS TO AVOID : . This material reacts viclenlly with acids

1. Toxroowﬁl%u INFORMATION

ORAL LDsg “17 % 2.8 gfkg rat - slightly toxic

DERMAL LDsg _ © . .~ 3.0 g/kg (rabbit) - practically non-toxic

INHALATION . Nat determined

SKIN IRRITATION . Corrosive; may cause burns

EYE IRRITATION | Extremely irritating

CTD-528-CG20 PART B : ! ' Page 2of3

Date Printed: 12/8/98
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***MATERIAL SAFéTY_ DATA SHEET'""

COMPOSITE: TECHNOLOGY DEVELOPMENT, INC.
_ 1505 COAL CREEK DRIVE
LAFAYETTE, COLORADO 80026

EMERGENCY TELEPHONE NUMBER: (303) 664 0394

1.. PRODUCT lDENTIFICATION
Trade Name and Synonyms '

CTD-528-CG20 PART B

Chemical Name andfor Famiy or Descﬂpﬂon
Proprietary aliphatic amine mixture -

CHEMICAL IDENTITY TRADE SECRET. COMPOSITION WILL BE REVEALED TO AHEALTH
PROFESSIONAL IN THE CASE OF A MEDICAL ENIERS‘-ENCY

2. COMPOS!T|OM!NFOF%!{!AT{ON ON INGREDIENTS

Carcinogenicity
Not a carcinogen as considered by NTP, 1ARC, orOSHA

CHEMICAL NAME CAS # ‘ M EXPQSURE L IMITS
OSHA - Not established

Polyoxypropylenediamine  Propristaty < 50 ACGIH - Not established
; STEL - Not noted
CEL - Not noted

- 3. HAZARDS IDENTIFICATION

Emergency Overview: Corrosive Causaes- skin and eye burns. Harmful or fatal uf swallowed.
May cause allergic skin reaction.’ Can causs iung damage it swallowed,

4. FIRST ,MD MEASURES

EYE ‘ " Flush eyes with water for at iaast 15
i min, Get medical attention lmmediaiely
SKIN CONTACT ~ Remove conlaminated clothing and shoes.

. Wash with mild soap and plenty of water. Get
- - medicsl attention immediataly. ‘
INHALATION -, Remove to fresh air. Give arlificial respirafion
# not breathing. |f breathing is difficult, give
_ . . gxygen, and get medical attention. .
INGESTION ! Qive 2-3 glasses of water. Do not induce
* vomiting. Do not give anything by mouth 1o an
unconcious person. Get medicat atiention.

5. FIRE-F!GHT!NG MEASURES

FLASH POINT > 200°F PMCC
EXTINGUISHING MEDIA - GOjy; dry chemical; waler spray, foam
SPECIAL FIREFIGHTING PROCEDURES - Use seff-contained breathing apparatus and

protachve clothing

CTD-528-CG20 PART B < | T Page 10f3
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EYE IRRITATION Slight irritation - rabbit
SENSITIZATION " Moderate sensitizer

- 12. ECOLOG!QA} INFORMATION

Data not yet available:

13. DISPOSAL Euns:nenmous

According 1o Fedoral, Stats, and Locat regl;!aqons This product Is not considered to be a
hazardous waste by RCRA.

14. TRANSPGRY INFORMATION
DEPARTMENT OF TRANSPORTATION | Not regulated

15. nseummﬁw INFORMATION

OSHA STATUS ! This MSDS has been prspared in ¢ompliance
1 with Federal OSHA Hazard Communication
Standard 29 CFR 1910,1200. This product is
considered to be a hazardous chemical under
. . that standard.

RCRA . Not a hazardous waste under RCRA
" {40 CFR 261)
TSCA INVENTORY STATUS Chemical components listed on TSCA
i ipventory
SARA/TITLE Ik ‘ This product does not contain a toxic
. chemical under SEC. 313 (40 GFR 372)
CERLA -~ Not listed

CALIFORNIA PROPOSITION 65 . This product contains less than 50 ppm
. Epichiarohydrin, a substance known to the State
uf California 1o cause cancer.

16. OTHER INFORMATION
FOR TECHNICAL INFORMATION CONTACT; ~ | DR.NASEEM A, MUNSH!
' COORDINATOR OF PRODUGCT SAFETY

COMPOSITE TECHNOLOGY DEVELOPMENT INC ISSUE DATE: 12/08/98
1505 COAL CREEK DRIVE . 'HEVISION DATE & NO,:
LAFAYETTE, CO 80026 :

(303) 664-0394

THE INFORMATION AND RECOMMENDATIONS GDMT AINED HEREIN ARE BASED UPON DATA BELIEVED
TO BE ACCURATE. HOWEVER, NO GUAHANTEEOR WARRANTY OF ANY KIND EXPRESSED OR IMPLIED
IS MADE WITH RESPECT TO THE INFQH\:MTDN CGONTAINED HEREIN.

CTD-528-CG20 PART A A v o3
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5. FIRE—FIGHTM ‘MEASURES

FLASH PONT
EXTINGUISHING MEDIA

SPECIAL FIREFGHTING PROCEDURES

i FIRE AND EXPLOSION HAZARDS

> 200°F (> 93°C)

COg; dry chemical; water spray; foam
Use self-contained breathing apparatus
GCormbustion products may be toxic

| | ~ 6. ACCIDENTAL RELEASE MEASURES

- ACGIDENTAL RELEASE, BREAKAGE ORLEAK -

- Avoid all personal contact. Clean with
sbsorbent materat. Put into closéable

containers. Flush area with water.

7. HANDLINQ AND STORAGE

STORAGE TEMPERATURE
HANDLING/STORAGE

Minimumn_handling temperature ior storage.
Store In cool, dry area in closed containers.
Avoid breathing vapor, mist or spray. Use only
with adequate ventilation. Eye wash and safety
shower should be available nearby when

“product is handled. For Industrial use only.

8, EXPOSURE CONTBOLS!PEHSONAL PROTECTION

EYES " Chemical goggles
SKIN _Lab coats or coveralls, and impervious rubber
gloves. Use of barrier cream recommended.
INHALATION 13se NIOSH approved respirator suitable for
3 organic vapors.
- VENTLATION General mechanical ventilation and kx:al
) exhaust.
) PHYSICAQ AND: CHE&CAL PROPERTIES
: PHYSICAL FORM o tigquid
; APPEAHANCEA!‘\_!DODOR ‘Opaqus, slight odor
. BOILING POINT > 200°C (> 392°F)
SOLUBILITY INWATER insoluble
: SPECIFIC GRAVITY _ Not determined
£ DECOMPOSITION TEMPERATURE > 200°C (> 392°F)
{
a:" 10 STABILI‘!’Y A“éi) REACTIVITY
; v STABILITY Stable
’ INCOMPATIBILITIES Suong oxidizing agents
by HAZARDOUS DECOMPOSITION PRODUCTS Carbon monoxide, carbon dioxide and aldehydas.
E HAZARDOUS POLYMERIZATION Wili not occur |
i CONDITIONS TO AVOID Stiong acids or bases in bulk and elevated
L - lgmperatures
1
!
I | 11. TOXICOLOGECAL INFORMATION
| ‘ORAL LDgq T 5000 mgfkg - rat
L DERMAL LDsg > 6000 mg/kg ~ rabbit
R ' SKIN IRRITATION Modarate irritation - rabbit
i

s CID-528-CG20 PART A
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COMPOSITE TECHNOLOGY DEVEL OPMENT, INC.

1505 Ceal Crosk Drive » Lafayette, Golorado 80026

" phona: (203) 6R4-0394 « Fax: (303) 664-03dianuary 13, 1998
. Richard P. Reed

R canr il
Cryogenic Materials, Inc,
Ph: (303) 494-1852
Fax: (303) 494-0134

Dear Dick:

Following is the viscosity vs time curve for the CT-528-CG20. This curve is for a 10 gram
guantity.

We did two pot life studies one on nieat CTD-528 and onc on filled CTD-528-CG20, The neat
resin study was conducted with about 26 Ibs of material (slightly more than 3 gallons. We
monitored temperature change from the start until the material cured. The results are below:

time Temp
[hrs) ¢
[4] 23.6
0.5 26.7
1.0 29.7
| 1172 32.9
Z _38.9
2172 49.6

The second pot life study was conducied with approximtely 1 gatlon of the filled system (about 8
1bs). This material remained usable for about 3 1/2 hours. The results are below:

. tme 'femp

(hrs) ’Cl
0 20.0
3.0 "38.7
3172 4372

It appear that monitoring the temperature of the material is a good method of watching the pot life

for the bladder filling operation. Should the material reach 35 10 40°C, it should be recommended
to discard that material and mix a new batch.

Sincerely,

ol S Jﬁ\_\

Michael L. Tuppe
P.S. Paul would like to know if you have data fur bucking distance in LN2. We did these tesis

ycars ago in which we varied the distances beiween the clectrodes without any material between
them. Also do you remember at what voltage this was conducted at.

Advanced Maleriais Developmenl « Crycgenic Applications Specialists  Materials Testing & Evaluation
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PDP Pumping with CTD-528

Bladder Volume
Height (in) 36
Width {in)j 48
Thickness (max,in 0.2} 0.1968504
Thickness (nom,in) 0.4
Thickness {max,in) D.6
Volume in’ Liters {Gallong
Minimum 345.6 5.7 1.5
Nominal 691.2 31.3 3.0
Maximum 1036.8 17.9 4.5
Pumping Times
Dual Pumping with LS/18
Pump
speed |Pump Time
1Volume (1/min) {min) Nominal Thickness
Minimum 0.6 9 5 mm
Nominal 0.6 19 10 mm
Maximum 0.6 28 15 mm
gﬁépingfhead:g.al kPa (1.4 psi

Bladder Specs



PDP Pumping with CTD-528

T

Pumping Results

Pump

Masterflex 77201 Dual Heads

LS/18
Tubing

2 lines

Pump
Speed

Oclusion

oy

Flow Rate

0.6 1/m [{0.16 gpm)

Nominal
Thickness
(in_)

10 mm

Final
thickness

10 to 20 mm

Resin
Volume

5 Gallons

Pumping
time

30 minutes

Bladder Specs



Results of compression tests at 76 K of candidate resin systems

by Composite Technology Development, Inc.



Compression Test Results

Resin System: CTD-528 CG 207 (wd)

Reinforcement: 0.4 mm and 1.6 mm chopped glass fibCure: 72 h @ 25°C

Barrer: NAT$Y2 Ko7,

Specimen Type: Compression (40,32 mmA2)

Material Reference: N/A

Load Rate; 0.0212 mmy/s

Strain Mecsurement: - 3 Extensometers

Test Fixture: Compression Test Temperature: 76K

Test Date: 7/17/98

Uttimate | Young's| Compression | Strain to
Specimen #| Thickness Widgth | Depth| Areaq Load [Modulus| Strength Faiture
(mm) (mm) | (mm) | (mMmA2) (kN) (GPaQ) (GPQ) (%)

528¢cg-1 7.7 7.4 1.6 56.3 158 59 0.28 4.73
§28cg2 7.5 6.3 7.4 4772 179 6.8 0.38 5.61
528cg-3 7.2 7.0 6.8 47.7 15.5 6.6 0.33 4,92

YOUNG'S MCDULUS COMPRESSION STRENGTH  STRAIN TO FAILURE

Average (GPq): 64 [Average (GPa): 0.33 l|Average (%): 5.08

Std. Dev.: 0.4 |5td, Dev.: 005 |std. Dev.: 0.46

Cv: 007 |Cv: : 015 |Cwv: 0.09




Compression Test Results

Resin System:

Reinforcement:

Barrier:

Specimen Type:
Material Reference:

Load Rate:

Strain Measurement:

CTO-528

js AT § ”’MJ

mm thick cotton, 33% corr Cure:

NA

Compression (40,32 mmA2)

N/A

0.0212 mm/s
3 Bxtensometers

72h @ 25°C

Tast Fixture: Compression Test Temperature; 76 K
Test Date: 7/21/98
Ultimate | Young's] Compressioni Strain to
Specimen #| Thickness Width | Depth| Area Load [Modul Strength Fallure
(mm) (mm) | mm) | (mmAD) &N (GPa) (GPa) %)
528c0-1 6.0 6.0 6.5 395 9.5 4.6 0.24 529
528c0-2 é.1 6.3 6.7 419 7.5 4.3 0.18 4.17
528c0-3 5.7 59 6.3 370 88 42 0.24 5.68
YOUNG'S MODULUS COMPRESSION STRENGTH  STRAIN TO FAILURE
Average (GPQ): 44 |Average (GPaq): 0.22 |Average (%): 5.05
Std. Dev.: 02 |Std. Dev.. 0.03 |Std. Dev.: 0.78
CV: 004 |Cv: 016 |JCV: 0.15

Composite Technology Development, Inc.




Compression Test Results

Resin System: CTD-528

Reinforcement: 15mm thick cotton, uncomp Cure: 72h @ 25°C

Barier: NA

Specimen Type: Compression (40.32 mmA2)

Material Reference: N/A

Load Rate: 0.0212 mm/s

Strain Measurement: 3 Extensometers

Test Fixture: Compression Test Temperature: 76 K

Test Date: 7/21/98

. Uttimate Youngﬂ Compression] Strain to
Specimen #| Thickness | Width | Depth| Areq Load [Modul Strength Failure
(mm) (mm) | (mm) | (mmA2) | &N | (GPQ) (GPa) %)

528¢5-1 6.7 6.1 6.9 42.2 11.2 50 0.27 5.33
528¢5-2 6.2 5.7 6.1 350 4,7 3.2 013 415
528¢5-3 6.6 6.2 59 370 6.8 4.7 0.18 N

YOUNG'S MODULUS COMPRESSION STRENGTH ~ STRAIN TO FAILURE

Average (GPa): 4.3 lAverage (GPa): 0.19 |Average (%): 4,46

Std. Dev.: 10 |Std. Dev.: 0.07 |Std. Dev.: 0.76

CV: 022 |[Cv 034 |Cv: 0.17

Composite Technology Development, Inc.
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Compression Test Results

/}/» 0% 7L‘ 2075 (,wf/
Resin System: CTD-528/A20 —
Reinforcement: NA Cure: 72h @ 25°C
Barrier: NA
Specimen Type: Compression (40.32 mmA2)
Material Reference: N/A
Load Rate: 0.0212 mm/s
Strain Measurement: 3 BExtensometers
Test Fixture: Compression Test Temperature: 76 K
Test Dater 7/17/98
Uttimate | Young's| Compression| Strain to
Specimen #| Thickness | Width | Depth| Area Load |[Modul Strength Failure
{mm) (mm) | (mm) § (mMmA2) | k\) (GPQ) (GPaQ) %)
528a-1 7.2 70 1.7 538 8.5 49 0.16 325
528a-2 71 7.3 7.1 51.8 9.6 43 0.19 4,35
528a-3 7.4 69 7.0 48.3 1.7 5.7 0.24 4.23
YOUNG'S MODULUS COMPRESSION STRENGTH ~ STRAIN TO FAILURE
Average (GPa): 50 JAverage (GPa): 020 |Average (%) 3.94
Std. Dev.: 0.7 Std, Dev.: .04 |Std. Dev.: 0.60
CV: 015 JCw: 022 |Cv: 0.15

Composite Technology Development, Inc.




Compression Test Resuits

Resin System: CTD-528 NEAT

Reinforcement: NA Cure: 72h @ 25°C

Barrier: NA

Specimen Type: Compression (40.32 mmA2)

Material Reference: N/A

Load Rate: 0.0212 mmy/s

Strain Measurement: 3 BExdtensometers

Test Fixture: Compression Test Temperature: 76K

Test Date: 7/17/98

Uttimate | Young's] Compression | Strain to
Specimen #] Thickness Width | Depth| Area Load [Modulus| Strength Failure
(mm) (mm) | (mm) | (mmAZY | KN) | (GPa) (GPa) %)

528n-1 79 7.4 8.0 59.2 247 8.0 0.42 523
528n-2 7.7 7.3 45 47.6 1.5 4.6 0.24 525
528n-3 7.7 6.9 7.1 490 7.2 39 0.15 3.79

YOUNG'S MODULUS COMPRESSION STRENGTH ~ STRAIN TO FAILURE

Average (GPa): 55 |Average (GPa): 027 jAverage (%) 476

Std. Dev.: 22 |Std. Dev.: 0.14 |5td. Dev. 0.84

CV: 040 |Cv: 051 |[Cwv: 0.18

Composite Technology Development, Inc.
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