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HB Grup Kimya ve Teknoloji

HB GRUP Kimya ve Teknoloji; Bor ve Hidrojen teknolojileri izerine
Ar&Ge yapip urin gelistirmek amaciyla, konusunda uzman bilim
adamlarinin ortakhgiyla, olusturulmus bir kurulustur.

HB GRUP Kimya ve Teknoloji; zengin bir laboratuvar alt yapisina
sahip olup, Bor ve Hidrojen icerikli kati, sivi ve gaz formunda yakitlar
ile yag ve yag katkilari gelistirmektedir.

HB GRUP Kimya ve Teknoloji; laboratuvar seviyesinde gelistirdigi
triinleri PILOT odlcekte de iretebilecek ve test edebilecek bir alt
yaplya sahiptir.

HB GRUP Kimya ve Teknoloji tarafindan Ar&Ge asamasi
tamamlanmis Urdnlerin bazilari; Elementel Bor, Amin Bor, Trimetil
Borate, Diboran vb... Bor Esterleri.



Savunma Sanayinde Bor
Bilesiklerinin Onemi

Bor bilesikleri savunma sanayinde bir ¢ok alanda kullaniimaktadir.
Bor bilesikleri genelde;

a-  Kara, deniz ve hava ulasim araglarinda yakit katkisi olarak,
b-  Roket ve fuzelerde yakit karisimi olarak,

c-  Ozel amacli fiizelerde ve tanklarda zirh malzemesi olarak
d-  Askeri amagli mobil elektronik araglarda batarya olarak,

e-  Askeri amagli yanmaz kiyafetlerde, kursun gegirmez
yeleklerde kullanilr.

Borkarbiir, Amorfbor, Sodyumborhidriir, Aminbor, Diboran,

Magnesium diboriir, Amonium Borat kullanilan en onemli
bilesiklerdir.



BOR

| Te rminoloji: Genelde Bor toplumda tiim bor minerallerine verilen ad.
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S Bilimsel anlamda ise Bor = simgesi B olan elementel bor. Ornegin: 3.
| Atomic Mass
= vyarimetal, llIA grubunda Aomic Number

= 10.81 g/mol, atom numarasi: 5; Ergime noktasi: 2080 °C
= Polimorf element; degisik kristal yapilarina sahip

B 5 10.81

B

Boron

Symbol

a-rombohedral (kirmizi)  [-a rombohedral (siyah)  g-kubik (siyah, metalik)
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Amorf bor (kahverengi veya koyu kahverengi toz)
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Amorf Bor?

Genelde: Kristal Bor'a nazaran ¢ok
daha reakitif.
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EKLENECEK!
Elementel Bor (B)

HB Kimya tarafindan % 95-98 saflikta tGretilmistir.

Kati roket yakiti olarak kullanilir.



Elementel Bor’un Enerji
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Bor Bilesiklerinin Kullanim
Alanlari




«Piroteknik karisimlarda katki malzemesi
(atesleyici, roket yakati, fisekler)

-Hava yastiklarinda atesleyici
«Metalleri sertlestirici katki maddesi

«Metal boriirlerin iiretiminde hammadde
(abit Nd2Fe14B ve siiper iletken MgB>
miknatislar)

oNilkleer reaktorlerde notron emici



AMERIKAN ORDU STANDARDI

NOTICE OF IN. ACT‘IVATION—! INCH EUND

FOR NEW DESIGN
MIL-B-51092

NOTICE 1
14 MARCH 1997

MILITARY SPECIFICATION

BORON, AMORPHOUS, POWDER

This notice should be filed in front of MIL-B-51092, dated 1 August 1962

MIL-B-51092, dated 1 August 1962 with Amendment 1, dated 6 November 1987 is inactive for
new design and is no longer used, except for replacement purposes.

Custodians: Preparing Activity
Army - AR Ammy - AR

Review activities:

Amerika 1960 yilindan beri standart
olarak amorf bor'u kullanmaktadar.

DISTRIBUTION STATEMENT A. Approved for public release; distribution is limited.

srmation Handling Services, DODSTD issus DW0202




Technical Data Sheet
Amorphous Boron Powder

MIL-B-510592
4 PRODUCT INFORMATION
¢ TICARE Amorphous Boron Powder— requires an export icensze
CAS Murmber: T440-42-8
RTECS Mumber: ED 7350000
Melting Point: ~2200 *C
Deansity: 2.350
EINEC Mumber: 2311512
MolecularWeight 10.8
Molecular Formula: B
Water Solubility: Insoluble

TYPICAL CHEMICAL AMALYSIS

Catalog MNo.: MIL-B-510592 MIL-B-51082
Totsl Boron: 5% Min. 90.0% Min.
Water Soluble Boron: 0.2% Max. 0.5% Max.
H:Oz Insalubles: 1.0% Mazx. 1.0% Max.
Moisture: 0.5% Max 0.5% Max.
Ceygen: 2.2% Max. 4.5% Max.
Mitrogen: 0.4% Max. 0.3% Max.
Magnesium: 0.2% Max. 6.0% Max.
Average Paricle Sze™ 1.0 pMax.® 0.8 pMax.*
Specific Surface Area: 10.0 m%g 18.0m"/g

*Method FisherSub Sieve (F555) perASTM B330
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Makine Kimya ile Isbirligi
Alanlari

| -Havacilik, Savunma ve Uzay Sanayinde kullanilan bor ve
hidrojen igerikli bazi yeni yakit karisimlarini hazirlamak ve

yanma testlerini gerceklestirmek,

2-Yakit karisimlarinin uretimi igin olgekli tesisler kurmak,

3-Yurt icinde ve yurt disinda ticarilestirme potansiyeli olan
urunleri belirleyip ortak uretim merkezleri kurmak,

4-'[UBiTAK diger kuruluslarin fonlari icin Yildirinm Beyazit
Universitesi, Gazi Universitesi ve HB Grup Kimya
Ltd ile birlikte ortak projeler gelistirmek.



PROJENIN AMACI

Ulkemizde olcekli ticari
uretimi bulunmayan ve .
tarafimizdan Ankara Kalkinma - .
Ajansi destekli bir proje |
kapsaminda pilot uretim
asamasi tamamlanmis ve
patentlenmis 2 % 95 saflikta
elementer borun roket
yakitlarinda kullanimi igin
uretim sistemini tasarlamak ve ==
imalati gergeklestirmek. >
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Elde Edilen Patentin Farkliliklar

Temel farkliliklar soyledir;

e Elementer Bor uretim teknolojilerinde genellikle Mg
ile birlikte yakma kullanilir. Bu sistemde kontrolsuz bir
yanma tepkimesi vardir. Genis ve guvenli bir alana ve
yuksek sicakliga dayanan malzemelere ihtiyag vardir.
Yanma reaksiyonu alev boyunu yuksektir; kapali ve
oksijen kontrollu yanma tercih edilir. Bu durumda
olusan duman daha yogundur ve teknoloji zordur.

* Mg reaksiyonlarini doner degirmende ve oksijensiz
ortamda yapilmasi durumunda ise reaksiyon ¢ok yavas
ve verim dusuktur.

* Ayrica doner degirmenin isitilmasi soz konusu olup
yine yuksek bir teknolojiye ihtiya¢ vardir.



¢ Onerilen teknoloji elektroliz teknolojisi
' olup bu teknolojide de DC gu¢ kaynagi
yardimiyla Fe katot uzerinde borun
birikmesinin saglanmasi amaglanir.

» Elektrolit olarak KBF4, KCI, KF gibi tuzlar
ve bor kaynagi olarak B203 kullanilir.
B203 ve KBF4 orani olduk¢a onemlidir.
B203 un erimesi icin 500-600°C sicaklilara
cikmak gerekir. Katotda biriken urun
miktari gecen akim ile orantili olup
reaksiyon sirasinda anotta olusan gazlarin
bir tuzaga gonderilmesi gereklidir.




Projenin Yenilikgi
Yonleri

> Yuksek saflikta (%99 ve uzeri) elementel bor uretmek
icin tasarlanmig bir cihaz olup eriyik elektrokimyasal
yontem olacaktir.

» Eriyik elektrolizi icin gerekli enerji miktarini dusurmek
icin elektroliz sirasinda katodun surekli donmesini
boylelikle hazirlanan tuz karisiminin daha erken
erimesiyle ¢ozelti difuzyonunu saglayacaktir.

» Elektroliz sirasinda katotta bor birikmeye basladiktan
sonra azalan tuzu ortama duzenli olarak ilave edecek
mal besleme bunkerine sahip olacaktir.



Ulusal Kazanimlar

* Proje tamalandiktan sonra elde edilen yuksek safliktaki
elementer borun ve %95 lik amorf borun
uretielebilecegi bir tesis kurulmus olacaktir.Bu testte
gunde yaklasik 5 Kg amorf bor uretimi saglanacaktir.

e Amorf borun kullanildigi yeni bazi yeni roket yakit
karisimlari hazirlanacak ve uretimi gergeklestirilecektir.

» Ulkemizin Dunya savunma sanayi pazarinda rekabetci
gucunu artirmasini saglayacaktir.



Proje Yonetimi ve
Organizasyonu

Dog. Dr. Miikerrem $ahin

Proje Yiiriitiiciisii

Reaktor mekanik
elektronik tasarimin
yapilmasi ve tesis
altyapisinin diizenlenmesi,
iiretim kosullarinin

belirlenmesi

Uretilen iiriiniin yanma
testlerinin yapilmasi ve
kati yakit olarak
kullanilmasinin saglanmasi

Uretim tesisinin kurulmasi,
giinliik iiretim miktarinin
belirlenmesi, seri iiretim

fazina gecilmesi
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ls - Zaman Grafigi

PROJE ADI

PiLOT URETIM ASAMASI TAMAMLANMIS VE PATETLENMIS > % 95 SAFLIKTA ELEMENTER BORUN
ROKET YAKITLARINDA KULLANIMI iCiN URETIM SISTEMININ TASARLANMASI VE iMALATI

<

Baslangig| Bitis 2018

2019

Tarihi Tarihi Suresi 7

1. REAKTOR MEKANIK
ELEKTRONIK TASARIMIN
YAPILMAS| VE TESiS
ALTYAPISININ DUZENLENMESI,
URETIM KOSULLARININ
BELIRLENMESi

1.1. Reaktér mekanik elektronik
tasarimin yapiimasi

1.2. Tesis altyapisini diizenlenmesi

1.3. Uretim kosullarinin belirlenmesi

01.03.2018(01.07.2018| 4 Ay

2. URETIM TESISININ KURULMASI,
GUNLUK URETIM MIKTARININ
BELIRLENMESI, SERI URETIM
FAZINA GEGIMESI

2.1. Uretim tesisinin kurulmasi

2.2. Gunlik Gretim miktarinin
belirlenmesi

2.3. Seri Uretim fazina gegilmesi

01.07.2018]01.03.2019 8 ay

3. URETILEN URUNUN YANMA
TESTLERININ YAPILMASI VE KATI
YAKIT OLARAK
KULLANILMASININ SAGLANMASI

3.1. Yanma testlerinin yapilmasi

3.2. Kati yakit olarak kullanimin
saglanmasi

01.03.2019(31.08.2019| 6 ay







Proje Butcesi

TAHMINI MALIYET

PERSONEL 420.000 TL
MALZEME / HIZMET ALIMI / DANISMANLIK 680.000 TL
MAKINE - EKIPMAN 1.475.000 TL
SEYAHAT 86.000 TL
TEST VE AKREDITASYON 540.000 TL
TAHMIiNi TOPLAM MALIYET 3.201.000 TL

Kapasite: 3500 kilogram/yil
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Innovation

- Ar Foroz SBIR'STTR Innawvation Story

Topix Number:
OE005-TOO

Tithe:
Mew Energetic Salid
Fropellant Ingredients

Contract Number:
ASI00-05-C-2001

Company Name:
MACHI, Inc,
King of Prussia, P&

Technical Project Office:
AFRL Propulsion
Directorate West,
Edwards AFE, CA

This Air Force SBIR/STTR Innovation Story is an example of Air Force supported SBIR/STTR technology that
met topic requirements and has outstanding potential for Air Force and DoD.

Combustion surface @ 20 bar: MgB20 (left), MBS (middle), and Al_30um (right)

Magnesium-Boron Composites Developed as
a New Fuel for Propulsion and Combustion

® The research results show that
adding magnesium to boron to
form a MgxBy composite (via
MACH I's proprietary process)
improves ignition by reducing
Ignition temperature from ~2000
to ~1100 K, Improves combustion
rate (by 46%), and maintains
ultimate delivered energy

= The Department of Defense needs
higher performing solid propellants
for use on space access and strategic
and tactical missile systems

= MACH limproved the ignition and
combustion characteristics of
boron by employing the company’s
proprietary magnesium-boron
composites (MgB)

= MgB Is Ideally suited for use as a
fuel in thermobaric explosives

Air Force Requirement

The Departrnent of Defense neads higher performing solid
propellants for use on space access and strategic and tactical
missile systems. Simultanecusly attaining higher energy and
density, while maintaining acceptable physical properties, are
extremely challenging but desirable goals.

SBIR Technalagy

In this Fhase || STTR project, MACH | improved the ignition
and combustion characteristics of baron by employing

the company's proprietary magnesium-boron composites
(MgE). In addition to MACH | (small business program
|eader), program participants were the New Jersay Institute
of Technology (MIT, academic partner), and Talley Defense
Systems (TDS, thermobaric munitions manufacturer). MACH
| produced multikg quantities of magnesium-coated boron
campasites on both 90-92% active boron and 95-97% boran.
The magnesium weight percantage varies form 10% to 60%.

Boron has the highest theoretical energy density (~59 k)

/g) of the relatively easy to handle metal or metalloid fuels

{fuels with no toxicity or reactivity issues such as lichium or

beryllium). Itis difficult to realize this patential due to ignition

and combustion issues, including:

+The ignition temperature is about 2000 K.

« Amaolten oxide surface layer forms on the buming surface
inhibiting combustion {until temperature gets high enough
to vaporize it).

« About one-third of the theoretical energy is lost if gassous
boron oxides and hydraxide are not condensed in the
combustion product. This requires impractically low
temperatures (<1000 K} for condensed phase product
formation.

The research results show that adding magnesium to boron
to farm a MaxBy composite jvia MACH I's proprietary process)
improwves ignition by reducing ignition temperature from
~2000 1o ~1100 K, improves combustion rate (by 463, and
miaintains ultimate delivered energy as measurad in the NJIT
constant volume explosion (CVE) experiments.

Patential Air Force Application

MACH | found that addition of magnesium to form MgB
compasites can reduce the viscosity of hydrowy| terminated
polybutadiene (HTPB) blends with 20% solids by a factor of
siv. Beyond that, the recent discovery of a new synthetic

» SBIR/STTR

pracess reduces that viscosity by another factor of two. Much
higher cancentrations of MgB (than with boron) can thus be
blended with formulations requiring HTPB.

Viscosity ws, “eFuelin HTPB
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Mg is ideally suited for use as a fuel in thermobaric explosives.
This was demonstrated at TDS whera MgB was substituted for
aluminum in a standard themmobaric formulation.

Company Impact

“This STTR project provided our company the opportunity
1o develop a highly promising propellant technology; said
Bernard Kosowski, President of MACH |, "Extensive testing
of boron as a fuel for solid rocket propellant altemnative to
aluminum in the 1980s and 1980s concluded that boron
required a great deal more axidant such as ammonium
perchlorate per unit mass or volume due to boron's lower
equivalent weight. However, work done parallel 1o MACH

| — namely, research by Professor Luigi Deluca at the Space
Propulsion Lab Politecnica di Milano - proved that the
combustion of MACH Is magnesium-boron composites was
‘cleaner’and more efficient than that of aluminum and did not
praduce the agglomerates which reduce aluminum specific
impulse”

MACH | strives to be a leader in the commercialization
of advanced nanostructured materials for the aerospace,
catalytic, and bio-tech markats.

Aur Farca SBIR Program AF SBIR/STTR Program Manager: Augustine Vu
AFRLAYP ‘Website: wwwshirsttrmall.com

1354 4th Street Comim: (800) 222-0336

Wright-Pattarson AFB OH 45433 Fae: [937) 255-2219

e-mal: aflxppnd.sbithqéwpafb  mil







