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Abstract
This paper is adesignof a reactor HTPB pilot scale manufacturing process. HTPB designed products have the characteristics of an

average molecular weight of 2500-5000 g/mol, the dominant structure of 1,4 -HTPB, with a production capacity of 2 tons per year.

Process HTPB production mechanism using free radical polymerization method with hydrogen peroxide catalyst and solvent

alcohol.

Design is calculated base on production capacity of 2 tons per year and 40 % conversion. The process principle is:raw materials

butadiene is fed into the reactor at a temperature of 180 °C and a pressure of 300 psi. H2O2 catalyst material introduced into the

reactor with a flow rate of 0-100 mL per minute at a temperature of 170 oC. Technical ethanol solvent fed to the reactor at a flowrate

0-100 mL per minute at a temperature of 180 °C and a pressure of 300 psi. The reactor type is a reactor pipe flow reactor. Reaction

products from the reactor is then cooled and separated from other solvents by solvent extraction. Butadiene reresidue and ethanol is

separated from the products by distillation, and then fed back into the reactor.

Design has acquired production equipment systems that support continuous HTPB. Simulation results indicate that the program

HYSIS fluid flow every pipe in accordance with the desired and demonstrate appropriate products. Results of testing equipment that

has been developed and integrated show that HTPB can be produced with a capacity of 2 tons per year and it worked fine. HTPB

test results showed that the average molecular weight of 2500-5000 g/mol with the dominant structure is 1,4-HTPB (60%). Catalyst

reacts completely exhausted.
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1. Introduction
Space agency in accordance with the strategic plan, that mastery of rocket technology is intended to develop the

ability to launch the rocket in accordance charge of the mission, both civilian mission and defense security missions.

Rocket technology needed to master a great independency both in structure, electronics, as well as providing for the

transfer of technology booster rocket motor areas are very difficult to obtain from developed countries.

Based on the mission, the rocket carrying the satellite can be used for various purposes, Sonda payload to study the

characteristics of the air, and took charge of the defense and security interests. Rocket development began to get a

place for the benefit of the launching of satellites orbiting satellite based development of rocket RX-550 rocket motor

to deliver nano satellites into low orbit. RX-550 rocket was developed with a target altitude of 100 km using a

diameter 550 mm, length 6000 mm,and HTPB composite solid propellant types. Self-sufficiency in the supply of

propellant is important because it can overcome the propellant material procurement difficulties that cannot be

continuous from the overseas manufacturers. As a result of propellant raw materials obtained from different

manufacturers, the quality and characteristics of different propellant rocket complicate the design with the same

characteristics (standard).

Composite solid propellant is shaped solid propellant consisting of granular oxidizer and additives are dispersed in a

polymer matrix. Composite propellant base HTPB is being developed with the use of propellant oxidizer ammonium

perchlorate (AP), HTPB binder material (Hydroxy Terminated polybutadiene) and the additive primary aluminum (Al).

To get a good propellant formulations, the composition of which can be used is 70-75 % AP, HTPB 10-20 %, Al

5-15 %, and 0-5 % other additives.

Based on map material needs for research and development propellant rocket LAPAN, where it takes 10 tons of

propellant per year, then the purpose of raw materials Ap is 10 tons per year, HTPB 2 tons per year, and aluminum is 1

ton per year. Ap and HTPB materials are strategic material because it is only used for rocket propellant. Aluminum

materials are readily available as it is also widely used materials industry. The expected result is the availability of

HTPB production capacity of 2 tons per year (PILOT scale). HTPB desired is the specifications of fuel binder HTPB

propellant and lasts continuously for HTPB guarantee results every time the same process and quality standards.
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Materials binder HTPB propellant fuel specifications have requirements average molecular weight of 2000-5000

gr/mol, the viscosity of 500cp, the main structure of cis 1, 4-HTPB (minimum 30 %). Based on existing publications,

HTPB materials with the main structure of cis 1, 4 polymerization of butadiene can be made by using a metal catalyst

buthyl lithium or lithium (Wibowo, 2004). Buthyl lithium materials are chemicals that require considerable handling

complex that is not the top choice. The main difficulty in making HTPB research is that the reaction must be free of air

and very high purity butadiene. To get HTPB with the dominant structure of cis - 1, 4-HTPB and the average

molecular weight of 2800, it is necessary to study the manufacture of HTPB with variable catalyst concentration,

butadiene concentration, operation temperature and pressure. If the structure and molecular weight HTPB as a function

of catalyst, butadiene gas concentration, operating temperature and pressure is obtained, by planning HTPB pilot

scale manufacturing. The final results in the form of pilot scale equipment manufacturing HTPB (200 kg/year) to meet

the needs of LAPAN.

HTPB material is a material that is not commercially available, so the acquisition is difficult, especially associated

with the military industry. Therefore it is necessary to be able to make yourself so HTPB propellant composite primary

purposes of solid materials can be satisfied yourself.The propellant composition is tailored based on the reference of

the mechanical properties of solid propellant as seen in Table 1.

Table 1 . Mechanical properties of polyurethane for solid propellant ever used

Composition TS (kgcm-1) E (%) hardness Reference

HTPB/TDI/TMP 1,2-8,9 129-30 Manjari et.al.(1994)

R=0,8

HTPB:TDI, R=1 4-16 90-1080 4-16 Jain et.al. (1993)

Polisiloksan 2,4-9 65-100 Agrawal et.al.(1998)

HTPB: TDI 5,3-13 83-74,4 25-50 Gupta et.al. (1997)

MDI 6,6-15,3 71,9-56,8 30-58,4

HMDI 3,2-8,8 147-51,9 27-55,2

IPDI 3,6-9,4 62-93 26-43,7

HTPB:TDI 15,3 123 62 Gupta et.al. (1995)

MDI 16,3 100,5 70

HMDI 14,5 74,3 68

IPDI 14,6 153,0 54,7

Glisidil asida 4-10 78-90 Duncan (1995)

HTPB-TDI 4 – 10 85–400 LAPAN (2000)

HTPB-IPDI 4 – 7 100-300

Solithane 6–15 75-350

2. Theory

2.1. Need of HTPB
HTPB - making technology in the lab can be done by using a batch reactor capacity of 1 L using radical methods

with hydrogen peroxide catalyst. Once the process is obtained HTPB 100 mL. To meet the needs of larger HTPB can

be upgraded to the PILOT scale (scale above 1 tonne per year). Data covering the design and type of raw material

composition, operating conditions, aspect reaski kinetics, and analysis of all the results have been obtained.

Because the process of HTPB has high sensitivity results in the presence of a catalyst composition, operating

conditions and reaction time, the results of each does not have the same standard characteristics. For further processing,

it is necessary the systems with continuous system, to guarantee standardization product obtained. The research base

has a production capacity of 1 ton per year. Types of reactors that can be used is the pipe flow reactor (Plug Flow

Reactor, PFR) or flow stirred tank reactor (Continuous Stirrer Tank Reactor, CSTR).
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The reactor can produce the desired fuel quality binder HTPB propellant with a maximum production capacity of 1 ton,

effective products 60 % , using a continuous system. HTPB has produced specification : the requirements of the

average molecular weight of 2000-5000 , the viscosity of 500 cp , the main structure of cis-1,4-HTPB (minimum

40 %), good shape polyurethane with toluene diisocyanate (TDI).

2.2 . Electoral Process
To ensure a good HTPB obtained, then the selected free radical polymerization reaction system. The raw

materials used are butadiene premises of at least 98 % purity. Free radical reaction system according to the method of

(Wibowo, 2009), namely polymerization catalyst with 32 % hydrogen peroxide, 80-95 % solvent ethanol. Catalyst

concentration is 5 -10 % , solvent 50-60 % , with the minimum conversion of butadiene is 40 %.

HTPB is usually made in industrial scale by radically mechanism using raw material butadiene, hydrogen peroxide

catalyst, and alcohol as solvent (Flory, J., 1979). The results Showed that the HTPB can be produced from the

polymerization of butadiene with a catalyst 32 % hydrogen peroxide in ethanol solvent at a temperature of 178oC

(Wibowo, 2001). To get HTPB with an average molecular weight of 2500-5000 g/mole, it will take 1 hour process

time. Theoretically, the formation of HTPB reaction begins with the formation of hydrogen peroxide from the radicals

to form a radical butadiene monomer (M*) as shown in equation (1). Furthermore radicals will react with other

monomers to form a radical containing butadiene monomer or the lengthier as shown in equation (2) to (4). Polymer

growth will stop if the radical iscolliding as shown in equation (5).

H2O2 + M --> 2MOH* (1)

MOH* + M --> M2OH* (2)

M2OH* + M --> M3OH* (3)

MnOH* + M --> Mn+1OH* (4)

MnOH* + MmOH* -->HOMn+mOH (5)

3 . Simulation and Result
Simulation conducted to determine the fluid flow in each pipe flow and to prove that the flow results according to

the desired design. Simulation is designed base on the flow diagram of reactor as seen in figure 1.

Any fluid flow pipes are as follows as seen in figure2.

Fig 1. The design of Pilot Scale Reactor System HTPB
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Fig. 2. The massflow each of pipe in simulation of flowdiagram process HTPB production

Equipment called reactor scale manufacture of HTPB PILOT continuously after analysis equipment availability on the

market, it is modified as follows.

1. Gas Feed Module ( MFC - 301 ) : P1 : 30 atm , P2 : 25 atm , Flow Range : 0 ~ 30ml/min , 316SS material ,

Brand : Coriflow , Input Signal : 0 - 5VDC , Output Signal : 0 - 5VDC .
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2. Module Liquid Feed Pump ( P - 301 ) , for H2O2 : High pressure Digital Metering Pump , P1 : 4000 psig , Flow

Range : 0.002 ~ 2.5ml/min , Materials : PEEK .

3. Module Liquid Feed Pump ( P - 302 ) , High Pressure Digital Metering Pump ( P301 ) : P1 : 1500 psig , Flow

Range : 12:02 ~ 40ml/min , Materials : 316SS

4. Transfer Module pump ( P - 303 ~ 4 ) , for EtOH , Digital diaphragm Pump ( P301 ) : P1 : 60 psig , Flow Range :

12:02 ~ 40ml/min , Materials : PVDF .

5. Transfer Module pump ( P - 305 ) , Mixer , Digital diaphragm Pump ( P301 ) : P1 : 3000 psig , Flow Range :

0.01 ~ 20ml/min , Materials : 316SS

6. Drain Pump Module ( P - 306 ) , for HTPB , Digital diaphragm Pump ( P301 ) : P1 : 3000 psig , Flow Range :

0.002 ~ 5ml/min , Materials : 316SS

7. Module Reactor ( R - 301 ) , Type : PFR , Volume : 200 ml , Materials : 316SS , Design Max . Pressure : 30 atm

, Design Max . Temp . : 300C , Dimension : ID : 1 " x IL : 600mm

8. Electric Heater Module ( H - 301 ) : Furnace : 3 Zone , 0.5 Kw x 3 , Temperature : 300C , Materials : Ceramic

Fiber , " K " Type Thermocouple .

9. Feed Module Tank ( T - 301 ) for H2O2 , Capacity : 300 ml , Materials : PTFE or PVC , Design Pressure :

atmospheric , Design Temp . : 100C , Dimensions : ID : 55mm x IL : 130mm .

10. Feed Module Tank ( T - 302 ) for EtOH , Capacity : 10Liter , Materials : 304SS , Design Pressure : 1 atm ,

Design Temp . : 100C , Dimensions : ID : 210mm x IL : 360mm

11. Mixer Module ( M - 301 ) , Capacity : 150 ml , Materials : 316SS , Design Pressure : 30 atm , Design Temp . :

200C , Dimensions : ID : 55mm x IL : 75mm .

12. Module preheater ( PH - 301 ~ 2 ) , Electric Band Heater , Design Temperature : 150C .

13. Separator Module ( S - 301 ) , Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design Temp . :

100C , Dimensions : ID : 107mm x IL : 220mm .

14. Condenser Module ( E - 301 ) ( = Heat Exchanger ) , Type : Shell & Tube Type , Materials : 316SS , Capacity :

300 ml , Design Pressure : 30 atm , Design Temp . : 80C .

15. Condenser Module ( E - 302 ) ( = Heat Exchanger ) , Materials : 316SS , Capacity : 150 ml , Design Pressure : 3

atm , Design Temp . : 30C .

16. Condenser Module ( E - 303 ) ( = Heat Exchanger ) , Type : Shell & Tube Type , Materials : 316SS , Capacity :

150 ml , Design Pressure : 3 atm , Design Temp . : 250C .

17. Distillation tower Module ( DT - 301 ) : Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design

Temp . : 150C .

18. Distillation tower Module ( DT - 302 ) , Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design

Temp . : 150C .

19. Absorber Module ( A - 301 ) , Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design Temp . :

250C , Absorbent excluded .

20. Absorber Module ( A - 301 ) ; Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design Temp . :

250C , Absorbent excluded .

21. Splitter Module ( ST - 302 ) : Capacity : 2 Liter , Materials : 316SS , Design Pressure : 3 atm , Design Temp . :

100C .

22. Buffer Module ( B - 301 ) , Capacity : 2 Liter , Materials : 316SS , Design Pressure : 30 atm , Design Temp . :

100C , Pressure Gauge ( 0 ~ 30 atm ) , Pressure Transmitter ( 0 ~ 30 atm ) , Pressure Relief Valve ( 225 ~ 750

psig ) .

23. Gas Booster ( BT - 301 ) ; Materials : 304SS , Air operated type , P1 : atm , P2 : 30 atm .

4. Testing Results and Discussion
Results from the integration of production equipment HTPB PILOT scale is shown in the following figure,

following the process flow diagram of the design. In the integration of the equipment, the equipment can be operated

manually or by a computer program. Equipment reorganized to make it more compact and concise, so that the overall

dimensions of the equipment are 2x2x1 m. For a PILOT scale production process , then the dimension can be said to

be very compact because of all the equipment arranged very close together, and cultivated cables or pipes as possible

so that the fluid flow very smoothly .
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Fig. 3. Integrated System Pilot Scale Production of HTPB

Equipment tested during 1 hour operation, the results obtained HTPB with average molecular weight test by gel

chromatography (GPC), identify structure of polymer with an infrared spectrometer (FTIR), and viscosity testing with

digital viscometer. Results of testing the average molecular weight can be shown in the figure 4.1 and it turns out that

average molecular weight polymer obtained was 3500 g/mole. The value entered in the range of requirements for fuel

binder propellant. If desired HTPB with smaller molecular weight, it can done by regulating the amount of catalyst. It

is conformed to Flory theory (1979) that the radical addition polymerization reaction, then the length of the polymer is

strongly influenced by the number of radicals formed by the catalyst. The more the amount of catalyst in the same time

it will produce polymer with an average molecular weight of the shorter. This is due to the number of radicals more so

termination time at the same time will produce polymer with a number of much more radical, so that the same

monomer chain length becomes shorter than the original polymer.
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Fig 5. GPC test of HTPB

FTIR analysis results are used to determine the composition of the dominant structure of HTPB generated. This test

indicates that the obtained polymer quite homogeneous. When it is compared with the reaction process HTPB in batch

process, where the rate of variation of the results is high enough, then the continuous polymerization better than batch

process.

Further analysis of the structure of HTPB obtained show that the dominant polymer is trans 1,4-HTPB (60 %), cis

1,4-HTPB (10 %), and 1,2 - HTPB (30 %). The result shows that the HTPB obtained in accordance with the dominant

structure qualify as a propellant fuel binder, which is the dominant structure requires 1.4 - HTPB. The desired result is

high cis-1, 4 but polymer obtained is low. It can be caused by conditions of the operations performed, the reaction

temperature and pressure. In accordances with the results of the study (Wibowo, 2002), that which affects the

dominant structure in the formation of a polymerization reaction of HTPB is temperature and type of catalyst. Reaction

rate constants for the formation of cis, Trans, and vinyl structure will be a function of temperature. This fact can be

used as an agenda for further research in order to obtain operating condition manipulate levels of cis-1, 4 HTPB be

higher.
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Fig. 6. FTIR spectra of HTPB at 60 minute operation and 70 minute operation time

Analysis of the test results can be shown following table. It turns out that in each interval time 10 minute for 1

hour, HTPB results have the same structure, and the same viscosity and molecular weight are almost the same. This

suggests that the production process results in continuous process are more than in batch process. Wibowo (2004) state

that HTPB result of procedural differences batch to vary molecular weight 2500-7000 gr/mole, the structure cis 0-12 %

for 10 times the process is done.

Table 2. Spectra FTIR at interval time reaction

No IR Spectra
wavelength

Absorbance at Interval of reaction

60 minute 70 minute 80 minute 90 minute 100 minute
1 910 cm-1 2,001 2,023 2,021 2,010 2,091
2 790 cm-1 12,020 12,070 12,056 12,011 12,090
3 970 cm-1 34,001 33,901 34,022 34,012 34,061

5. Conclusion

Based on the simulation results and test reactors that have been created and integrated, it can be concluded that the

process of HTPB -scale reactors can be designed with PILOT 2 ton per year results. By using basic production 2 ton

per year of production calculation, 40 % conversion of the reaction, all of catalyst completely reacted, as well as all the

rest of the reactants are fed back into the reactor the production system has been designed HTPB PILOT scale. Results

reactor integration can be carried out in accordance with the results. HTPB continuous process gives more

homogeneous results compared with the batch process. The results of testing for 1 hour operation shown that HTPB

have same characteristics during the 10 minute interval results along one hour’s operation. HTPB obtained have

average molecule weight of 3500 g/mole, the structure cis1, 4-HTPB 10%. To get a better HTPB can done by

adjusting operating conditions (temperature and pressure) and the catalyst used.
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