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Ali Eisapour?, Abbas Kebritchi?”

1,2 Chemical Engineering Group, Technical Department, Imam Hossein com-

prehensive University, Tehran, Iran

Research subject: The binder system based on of hydroxyl-terminated
polybutadiene resin (HTPB), consist of dioctyl sebacate as a plasticizer
(DOS), and toluene diisocyanate as the curing agent. Reaction between
the HTPB hydroxyl resin group and the curing agent isocyanate group
produces a polyurethane mesh to produce a rubber with the desired
properties. In this research, the rheological and mechanical properties
of the binder system were investigated and Physical properties com-
pared in the presence of three chemicals retarder polymerization Poly-
urethane, oxalic acid, maleic acid and tetracycline.

Research approach: Oxalic acid, maleic acid and tetracycline alter the
properties of the binder system by specific mechanisms. Oxalic acid and
maleic acid react with the isocyanate group of the curing agent to pro-
duce amides and reduce the viscosity of the binder system. Due to its
chemical structure, tetracycline reacts with the curing agent and pre-
vents the development of the main reaction between the HTPB resin
and the curing agent TDI and reduces the viscosity. Infrared Fourier
transform (FT-IR) test was also used to investigate the functional mech-
anism of these compounds. In this test, the intensities of the spectra re-
lated to each sample were compared with each other and the type of
function and mechanism of each of the oxalic and maleic substances and
tetracycline were determined.

Main results: The structure of the reaction product between HTPB res-
in and oxalic acid, maleic acid and tetracycline with curing agent was de-
termined and confirmed by FT-IR spectrum. In-situ FT-IR study showed
reduction in isocyanate peak intensity after 60/90 min. Chemorheolog-
ical investigation showed best performance at 0.05% concentration for
all retardants, among them tetracycline, oxalic acid and maleic acid de-
picted 54%, 48% and 47% reduction in viscosity build-up; respectively.
Adding 0.05% of tetracycline to binder system resulted in about 20%
decrease in cross link density probably due to better interaction with
curing agent which emphasized the best performance of 0.05%-tetracy-
cline as retardant.
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Table 1 The formulation prepared for the binder system and the plasticity index for each of them

Sample code | Plasticity indexes Amount (g)
k m Tetracycline | Maleic acid | Oxalicacid | TDI DOS | HTPB
(control 3060 100 0 0 0 2.028 | 5.224 | 34.2
sample) S-1
0X-01 3278 66 - - 0.004 2.028 | 5.224 | 34.2
0X-05 3290 67 - - 0.02 2.028 | 5224 | 34.2
0X-15 3290 70 - - 0.06 2.028 | 5.224 | 34.2
0X-20 3278 66 - - 0.08 2.028 | 5.224 | 34.2
MA-01 3264 65 - 0.004 - 2.028 | 5.224 | 34.2
MA -05 3322 66 - 0.02 - 2.028 | 5.224 | 342
MA -15 3457 74 - 0.06 - 2.028 | 5.224 | 34.2
MA -20 3210 60 - 0.08 - 2.028 | 5.224 | 34.2
TC-01 3347 62 0.004 - - 2.028 | 5.224 | 34.2
TC-05 3443 65 0.02 - - 2.028 | 5.224 | 342
TC-15 3539 68 0.06 - - 2.028 | 5.224 | 34.2
TC-20 3627 64 0.08 - - 2.028 | 5.224 | 34.2
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Figure 1. Viscosity diagram in terms of shear rate for three viscosity decreasing rate, TC + DOS + HTPB (A), OX + DOS
+ HTPB (B) and MA + DOS + HTPB (C) in four different concentrations
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Figure 3. Time viscosity diagram for binder system (HTPB-DOS-TDI) containing three tetracycline (A), oxalic acid (B)
and maleic acid (C) retarder in four different concentrations

Ol 3 Oly—ion elg—d0 (e (i 09 oo
oolaiwl (59,51,5 (rmli¥l ey i alS gl 00l
it oS St elSelal 5 (sl iy e Ll 3,5
Sogei I B ISl o cwl %o/ 0 o le i (59518 s
99 55 GelSolwlym a b e Jlog o IS 5 Y
S gl aS e ol A e o lid | glads e
ol Sglaie pdSOLl 25 L sl SIS (60, Slas
S 5 90 el oleeni LSl was Wl ol le
il g e ailes o

Al SIS sl )0 (goual 09,5 90 0929 Jdoas
VISl g po glads e g0 g5 el il o
30 OS5 ac e i g3 0 000 (B 5 C)
e an o Jlogad ol 3 oWl SIS o s
sl 00,5 oy ialS ol SIS jea> sue

odigw ailbolw oy oSy Ce juw culi )Y

0l g Al CA-?U 6‘)—.’ QLA) l_; ‘55)_3|)f u_)‘)_..».s.)
Je=0 ol ek g9, —=1,5 a5 ol las ¥ 2C o
L ols JeSmid S ymion (e 8, Y L oy
5 915 Ol (—=ob) adal) ol e Al s
JBlas g, L (ol a2l jo Laosls ppols 1, 8 L )ls;
LVE] el ¥ adoles

n=aeb’ (¥ doles)

OSly pae oimoplii 4 S 0)l0 (559Te5, Lol
Al od g alelw ;o T v ole s i ol
il JeaS 5y 09, 5 Ly 4 tilansls (ol o,
O, f9—bge e 0 ST S Y S slalogel
o ;o Sl (SEdlad (as Lt oy ki 4 S
yg—a pae (o adly ool el s L.AJ)-Q) )\.)._.:lj.o-l_»
odsgn Al 9,15 )3 (Hluiz i ety Jale
Jole 0,5 adlal L as ad> 6 )0 03 ol odaliis
65)—3‘; —S 6)—‘5")"“)‘3‘ oA Sgn Sl 4y Sy
SialesT o Lol s ot oLl 55 o
0975 (mat Sy STy oSl a3l )
J—sle yo Dbl 09,5 g G0l hy JonS'g)oen
J5— > el (50 lada po Hatis yocy) B
o3l a sl Glsy o 555 Jloged oF
Loz o ol Stlle g sl SIS Sl 5
Glaol b g0m) wald abees U g pwy cogliiie oolale

Soges ol 45 Gl e ¥ JSCb an amgi

Ol Hgmam poe ay Caud (A) SOl g b o
Sl 5 092 g aBly o . wl oo, S oy ialS
lomo alS (55,51,5 aslidl e pw a5 00 Eels
S Hlogad B %0 /-0 cdale (o o doren 0SS
clale pol8l L ol S L Ss glacdale 4y
lay G381 5109 s 0)Lga % VD 4y +/+ 0
cble ol L Vsl as conbine oy (ml 0S oe
plosl 65,518 Gl ce s 2alS el (dSoLnl 25

TV roh = oond (it 63, o Gy (ol i) o (Shdg iy (oole aolilad


https://arcpe.modares.ac.ir/article-38-64933-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-28 |

s S So59d65 5 o dulio g oy ]
_ p,bt _
clodiges slas ol alal dn/di=abe™ 0 SaeaS e e slaculib ga ol o as

sy Jsle 5l esliwl Ly HTPB asl 5 oogn ailbolu el oo LY Jgaz o Lan] 5l SO
ey g dline (59,515 eaalS asgei aw s TDL 3 (dn/dt) oo, 31,5 iliil cey ¥ oatoles
g oy $9=5 e adolae ;5 6 A Sl bwg ci e sLapls;

f. °C sl 39 0Xgm aibole oy STy Ca s sloiol 5 2,28 Glacal (59,15 Dl s 4y bgy e Cledbl A lie ¥ Jgux
Table 2. Comparison of information on viscosity changes, experimental constants and curing rate constants of binder
system at 40 °C

Sample | k x10% (min) Linear regression Experimental Exponential re-
Code Constants gression
b a
S-1 0.90 dn/dt=0.009x- 17911 0.0053 | 16442 | n=16442e0.00530t
0X-01 0.81 dn/dt=0.0081x-56.101 | 0.0045 | 17991 | n=17991e0.0045t
0X-05 0.47 dn/dt=0.0047x + 28.224 | 0.0048 | 16089 | n=16089e0.0048t
0X-15 0.90 dn/dt=0.009x - 35.833 0.0053 | 18681 | n=18681e0.0053t
0X-20 0.49 dn/dt=0.0049x + 20.789 | 0.0051 | 16851 | n=16851e0.0051t
MA-01 0.53 dn/dt=0.0053x + 11.157 | 0.0046 | 18760 | n=18760e0.0046t
MA-05 0.48 dn/dt=0.0048x+ 10.258 | 0.0044 | 17139 | n=17139e0.0044t
MA-15 0.62 dn/dt=0.0062x-1.1914 | 0.0046 | 17575 | n=17575e0.0046t
MA-20 0.81 dn/dt=0.0081x-17.584 | 0.0049 | 17670 | n=17670e0.0049t
TC-01 0.58 dn/dt=0.0058x-41.295 | 0.0038 | 19267 | n=19267e0.0038t
TC-05 0.41 dn/dt=0.0041x + 27.769 | 0.0045 | 16332 n=16332e0.0045t
TC-15 0.65 dn/dt=0.0065x - 27.75 0.0041 | 19553 | n=19553e0.0041t
TC-20 0.68 dn/dt=0.0068x-29.856 | 0.0041 | 18784 | n=18784e0.0041t
* Reference +TC01 +TCO08 ®TCIS xTC20 » Reference +0X-01 «0X.05 #0XA5 x0X.20
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Figure 4 - Changes in dn/dt versus viscosity for binder systems (HTPB-DOS-TDI) containing three tetracycline (A),
oxalic acid (B) and maleic acid (C) at °C 40
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Figure -5 Functional groups involved in the chemical structure of tetracycline
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Table 3. Type of reaction between tetracycline functional groups with TDI curing agent and HTPB resin

TDI and HTPB functional Tetracycline functional Reaction Product
group group

Isocyanate Carbonyl No reaction
Hydroxyl hemiketal
Isocyanate Teritary Amine No reaction
Hydroxyl No reaction

Isocyanate Hydroxyl Urethane
Hydroxyl No reaction

Isocyanate Amide Acylurea
Hydroxyl No reaction

Isocyanate Phenol Urethane (with pure solvent)
Hydroxyl No reaction
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Figure 6. FT-IR spectrum of the binder system in the presence of tetracycline (A), the area of the carbonyl peak (1750
cm?) (B), the area of the isocyanate peak (2250 cm™?) (C)
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Figure 7. Mechanism of reaction between acids and isocyanates [17]
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Figure 9. FT-IR spectrum of the binder system in the presence of oxalic acid (A), region of the C-N band (B), region of
the isocyanate peak (C)
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Figure 10. FT-IR spectrum of the binder system in the presence of maleic acid (A), peak area of C-N (B), area of peak
isocyanate (C)
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Figure 11. Pre-swelling (A) and post-swelling (B) samples at a concentration of %0.05
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Table 4. The results of the swelling test of the samples of the binder system and the hardness of each of them

Sample | Initial Equilibri- | Weight | Hardness (Mc)Molecular | CLD (p) Volume
Code weight of | um Weight | of dried weight between | (mol/cm3) ( | fraction
sample of sample | sample 0.05% | 0.01% | crosslink 10*x) w)
(8 (2) (8 (g-mol™)
S-1 3.14 4.21 3.36 15 15 6620 1.66 0.198
TC-01 3.14 5.14 3.85 5 5 6831 1.32 0.175
0X-01 3.14 4.65 3.63 7 8 6815 1.46 0.181
MA-01 | 3.14 4.48 3.32 11 11 6821 1.58 0.181
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