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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.

*To whom correspondence should be addressed:

Email: a.kebritchi@ippi.ac.ir



S8 g g s poul I T E 99w 31 (S50 05 s oom Ao g iy
JuS g 3 b ABL A0S (300 99l Al 99 659 JuSid

Tz S e g omae e

o (gdigs 09,5 gadige g (S8 00SABg Ty 5 0aSiils ((£) e plel pala olRiils ¢l 505 VLY

03)_? l_: 4—4.3[)4.6.’[} u_:obyGL 4_3‘[.’).’ LI TNy alol_w ‘B_o.a% eg_oo,.o
(DOS) eo—sSp i le—cay Slwlow J—STss Jolis (HTPB) JouSg, 000
39 05 wgdhae ple s L Sy o g an ;e L oS o SUye b
25782 53 03igey ailelw g5l 9 (Sadslehy olsS (s 93 LB O
Olmsh JS—is ais yendy Slasl Sl le ey oo b ool 4

Al 4_»..1[.9.4@ 9 —r
hod Ll v asa g L 50 ndSSLul s aes o ol |y cosgn
S obasS 5 ol 63,Shes Woslw (o) lim (eizeed S9-3 00 59515

i ol 30 .0l ool Wl (FT-IR) 5,8 d y58 Juos omwanb
oSl 5 gl Sl (S slajlasl 3G 5l plaS s S5

Aslin 5 5, S0l Ladiged (gl 5= py9— 9 (P (plem 0l et e oiges 4L

Loyl o3l s HTPB o3, i oSy Jgmamme il g0 1 Lol gy lis 955

ald oo bools lii L o FT-IR sloacad (w0l b 5 A 'l._x.;lf_;ls
) -

S8y ey S e lag ialS A 880 /P G 3T Sl as Sll—wg ]
o Shas syt 7 10 Slilé 5 IS shoas 4 ol gl (i3l scsme
o oudSolvl y5 g s ta ol s 50 9 99— 0 canlin Laslail .5
il ¥Y Sga > L ol SCdle 4 2FA dga > L ol SCIST 0¥ 0g0 >
OalSOLl 5 51 7 oo 0 g8l awl iy 1) (69,008 a8l o ralS e
sy Ey Jale U g 6,550 cdeay Yaiol sdisn ailolw 4
e 0 Sas oaas il 48 oald o ye OYLasl JBS XY sga > ials olie Jgbumott
el (ST )'I.\_;Ix_;ls Olg—eas oole oyl Email: akebritchi@ippi.ac.ir

Ermgs® 498 Jads (rimcinh

ot ele




Q_" 5o ...\_;0)5 )y ‘) (59)4‘;)_>NCO/OH S
NCO/OH o 8l L a S ol ools lis o)
2, Jeail aSib olol g bas s iolidl | Joa
ol s [P] sl S 4 IS 55 YN0 Jlw
oarie dalllae (ol jo sl s 69,518 ol sy
DBTDL ey 955 clale n bl a S o b
@o—adye,d gl VeV Jlw jo b oo il 5
L oS50 05, L asblhanils oo palipgly il
V] o) 5o g 5 lgls Lags 00iiSp 5 do ) i
PR L g PR UL S W /J°C S LN X g - IO PR SN
5 S o lay i T58l 69 1,8 a S e 5 as o
500 5 55 A llSan 5 (el 51T L
Ol 59 00 S ey |y 65,515 e Jelse
4_1Li).i o..\_|9...: ailolws YL ULA) Prty—" )_“ dsJllaso
by ey bl (59,515 b oo il oS
oauSa—uST olyd oslasl Ly o295 BB ,—loa; HTPB
Jiw o [a] o5 5 SOl Sl 0iS o yss s
caSa ST o, ald oo o olpEllsa S ea S
) motlasl mals 5 4l 2Bl e 4 (59,518
WA osld C_Hoy as )9_L>QLo.m u_>|).’Lu J_SGA él_7u|
OI— pody Al (55,515 1 ol sl il
b g Ll slhls SO e as o b i L, b
slosliial (s9,=15 il sla g, 5l S0 (o

S slaslSl e B a S cwl 69,51,5 sualS oly o
bt Sl b 0yl ) 0l by G ey
»))_94.:)..4.79.9 ua|5_> 9 05—9 L;’L""“—”’ )Lol_.» 6‘)|¢
HTPB b 5o alolws jo Tglaie slo 550 a5 aiwa
wlolw (59,515 ;o alite ol 3b ames s Wl
ad_w @L.o.._w )Lol_w —) ) cdslao L)—" (5)5]9_3 ..\_3)‘.)
Ol G SR 55 9 69,515 0aalS S 5 ggs
=550 Hale 09,5 £95 rioren 9 ;5,0 Sl g Sy
alolw 69)4‘; )2 05){_(: O el IR
) J»Lm) ul_uylea UO‘P )_i"o ey 00 g
aslllas ol o cwl oad ploul asllae ol o 55
Sl i glwd jo gul B slo el )l jo s ygum
0diguy alelw 4y alize gloacdale U (4,515 caals
56 ogdle aalllas Ol 5 Wgio 43l (5 ey
plas o chale 5 jlade 13U ((59,51,5 coals cols g4
ISl 91568 90 5 0B (o 55
o oluS 5 ol ol @jad S LS os soleul
VAVE Jlw 50 50 ool sl 09 (omy 2 58 59515

‘:’51 Qe

s 1 (So590855 conds dunlio g gy
doddo )

Hydroxyl)) Jo—uSg 0.0 Lo a8bacsls o solie b

V4%« ans olsl 5l (Terminated Polybutadiene (HTPB
Gl s 0y Shas S5 i w0z ) Sl
ol ool asl S Lacyjguls Sl plg>
Sl Jlw Fran S35 ek it 9 plaieils
sablw slm by 2 (2)) Olo—ea HTPB 3l as
hyls ol i ol DN oS o ool wl o Ladlgn
laied Jsl gloes osile (255 Sl (S5 ol
4l r 65500 Sigrels IY] el (55,515 5 (Tg)
Jol ceamd ol oass JSCis S Ceod g0 I HTPB
Vsaxe HTPB (g, ol 45 (6 panly odiigey dilolus
Dioctyl Sebacate)) ol wlew J—uSlgs oo uSp
Toluene) ll—wgplss ey o5 J—le 5 (DO
aol> Lo g Ceo—ud .ol ((Diisocyanate (TDI
saiSoST &3 5 peiagll jog s Joli a S el
Al o a0 Loy jamls LISl ol cul Sase
s olge plod LI S jin L3 50 090 o plxl
25 Wybige Loy e ai e o) b iy Jole
Sl ad> e o g aalr o lial ples pos ad> e
sy STy aS Losl st e ailol sy ol
SLET (g by Lo ay sy Juale 9,5 adlol | oy
aSLol Sl ey 6T aB; aul age Ol wstiee
Lo ases o V] sg—i o sgae cosu Jsle 0,5
Yo ol oo il bl (59,315 ¢ 2STy wd i
Gals Sl a0 (9,315 Bl e (3
Slegd 13 ;508 wame 5 ol il s 6ol
Eom «Bu Jsle g9 Lod aile e Jslge 09l
Sl 0aiSp 5 g5 NCO/OH oo o5 JBIS
ol w38 4w 5 oaisS o ST &) o3lasl HTPB
oy 5. 69,8 o als olg o I S ey g
Jiw o Iv] sis 105 50 69,018 plidl ce pu
5 o Jsle s 151 Y] o) Ko g 0135 a5 Yo Y
HTPB a4l ,— bl 655)55) (oo = 1) 595 IbIS
los Giolidlas ols las jiwgh ol 00 S )
sy oy ol g0 el 2CY - olasla STy
ol g9 an aolio (imman D9 b oe iy STy
44>y Ly as e oLl HDI o TDL IPDI wosy,
ey LIS TDL o] 5l Soyo olowd sl
iz 35 IPDIJ1 , 5YL 55 o)1 5 HDI 51 (s, 59
—HTPB sl 5,y 51 oy [F] 5§ oo
o=k anb L nh S5 (595, (oot
o=l g asels ploul 5oy Sy 00 L aBbassls
adsl IsSse 35 Limtl3dl Ly aS sa ools oyl aelllas
I il33l g9, HTPB s OH Jlie :als HTPB
o5 g e Sl cbile ol L g oS (o
ey aals (59,515 g b3l 50, (inlS
G 0] s g S Y ) s s S e

1Q ok - ood ot 691 o gy gl A (e (b g (oole aoliliad



e Sl (S5slsts send analie 5 (o)
Ayl MVP/Y gimol  JeSTge 59 « S5, St dal>
CYHYOY JsUso Jo—o,8 5 V/OA glcc I £/-Y
3ol SIS g sl Sl SOl 5 e
30 69,5 caals laedas g Cl oa i a s LS
el a8 318 solaiwl 5 )50 cusgn alelw
boliws Y-¥

=l Sy &S 5 Spectrum) « » - Jus FT-IR ;|
Sl 5 e Sl Sad 08 (g, lgieay K 5]
5 o S 5 ki 5 550 5 plmn
Oe JoSis iy b oolaiul el slaog,S
Sleslai_wl Ly NCO 04, 5 Lo wgh > 0 o,Llas L
Jlo 50 oagn alelw jlo,had S ol JLSs FT-IR
Cd,S 18 oas an il (ilas i (5ys 50 O S
L5 )90 aiged 51 LG adds Fe pe (Sley Jolss yo g
Syl 09,5 Ui (ol 5 b 4585 G b
s YYVE V-cm oog0 e ;0 TDI sy Jole a4y bog o so
plosl 5l Gy 008 SCa5 09,5 4y by p0) a3 Ls 4 LS
ol glwlis (=Sl

ows )’1 03 —Sgm Sl 65J_J|)f 6)_3fojb3| 6‘)—9
Yo el LVDV-IIHP oo o LiaS'y  yhosS—ung
sl ool 5l Hetdate o ay .l sl oolaiwl s oo
s S o3l _l 2CF+ slos ;o #FS ¢ FYS o lais
o lais Lo Ce s ;o 10 00 00l (g4,0,5 olde
sai e Lo ] jo ,5biiS oo 0 g adogr e Joiau!
oAb A e L (6915 anton s 6l S
NPRRW- S WP S SN W Y W PERP LA S K- PR W
ooliiwl by Juiml (25 12 Sie s g 4oy o Joinl
el 00 dwle (V) adolso

FSR=TK*SMC *M () dolss)
rpm
Woleo (ol 4o

$9,-1,5 ai = (FSR) Full Scale Viscosity Range
CP o (Sl e

i ,5liS sy =(TK) Torque

<ol s 5 = (SMC) Spindle Multiplier Constant

Joce—ul

Szl i 7 S = RPM

VYA = #YS Jawl 6l SMC

Y. = #¥S Jorw! sl SMC
wabdngs sladises g lie (g S oslul gl
S i cxlw VY Jas Shore A i Soew olSiws
&l ool il oy e o lasliwl .o colai ! SANTAM

5 ploul A Sgal 8 (69, (Priw gFw dae ¥ ola
Lo ity I s 4 S Lol eiles

s poely a3l et o uSlenins |
ol olaS 5 55 VAVY Jlw e [y o] o eolasl
Sl SIS DN o soliial (9,51,5 ialS sl
4 s (gl SelinS 52 )5 (60 50 el Stllo
DY oS ls 1) 69,50,5 saials i sasgn alelw ;o
O ogdle aS Sl golge s i s SOl
oemlidl e s i alS (gl sa g ailelw jo ;g0
S odsl sl DT o)l 5 (St 0,08 (55,515
OiSTy 00 losl Gls—iedr sl Seille 5 9l SIS
ool VAAP Jw 10 s ol 00ism lbelu o csy
Se—g cdslllae S 0 s YV F Jw o VY] s
CS g a5, slaa;5lS 50 SIS
o ools i asdlas ol jo il ) oy9— -0
252 oS T Al oie sl (ol 352 45
3 e Wl Sl NP 09—t o il ol 3 o
IVE] 018 0015 o pmmiio olys (31l oly 5 ¢ 5iu
il (S e ) (Sl 48 S L
Jbeys sl sl ey STy Sl 2 ploseas 50
omizen [V 0] i oslaul IPDI ccsy Jale L 149
Sl eDgliie 0 5 Ll s I VY Jlw 5o
0 ooliiwl (6351 e jerels alelw (55,115 ialS
cbale Lo 0 ol ools s ool 151 oy Y]
ol g alelw (59,1, bl e W gl ate
&S B g5ln et 5 (NI 0—b Pl5—)

ol el ol Bas g ol 51 S »

o5 i ¥
.b‘g.o \-Y

2 yebi e Ols—eas R-MYQ o 5L HTPB (5,

6‘)‘0 O U_" ] 00 A_A.QH [GPE SOV-] )‘ ws) U_"
Pas gq,1,5 YA/Y Y-V + mg KOH/g J—Sg 000 suc
glce B o[- FA % b, (- °C sl 40 QIVOF
g/ &< .Ia_..ug.uo @lﬁg}" )99 Y. OC le_m) 3o «[AQY
oy Jsle oyl ols—ea TDI.owl Y- 4+ mol
039 QMR % o s glls 4 ol a4y Cenio
°C Lo VAPV Gl o 52 9 VIV gleC pgmazs
A_gi Cemio 5 ea S ey (lg—ieay DOS .ol YO
glece B> g ¢/ % cgb, oo/ Y8 7 (S—wlwanl
g/ erﬁﬁ}a )9 L.s‘)“b cu—dooslaiuwl u...l&)l_..u‘).u |

r]}i.‘j.n Jﬁ_ojﬁ 9 u] )b 0% u—a—ly? af/\‘/‘\ mol
CH.O, sl S_JST Jsa )b e usl CYYHYENYOA

J_; i JRSPEE ST PR JNN CHUAR SR R
ayoal A/ gimol JsSse 138 )l g e
e VY O0C sd sles 5 VAL glec oS> FAVE
S S 52,568 el ST 0 il oSl

ol IS hls il 1S gl &y Ly s

oy = oo (pwaigo 69,15 Gl (Agls ol Ay o (LB g R (oole alilad Y,



Gl e o Sly e olon ST oSy e
s=obed ) gz 50 0l el 0ugn il (59,15
O—obmh Al eaten albllw slaganse,d
sl saaliie B JS's 00 09,5 Ly ailiassls
ol 2B R) o cod Lo gui Jgo,8 solod o

8 s o 2 (§5,51,5 dy bgrye logai ) JSb po
S SIS A) GelSelwl 5 slodiges sl (S0
oaal i V JSi 0 a S joblen .l i auslie
Jl_> 5o ‘55)_’|)§ ‘Hﬁ Y —" Wl)sl l_: ‘é9_.ZGA
Sl ) Gl 0y L, as el ;- ai s 50 by e
ool LBy Ss oo 31 (K) 59,15 el
ey X« 59,5,5 M o jo a SN =Kx Sl adoles jo
S9lS aLa Ky (Seiadbard (asll mo b
o=l 3l S ) Jsas o ] s o ol el
S SIS ISl 5 sla sl 3B ol olie
Aoy gl awl oo eols s o Wl Sl
Dl Gl () vmo 0 O g0y
o ls Ol A bope logad 58 ¥ (S o
B Sl bl Sas

S Sl atein ¥ G sl gl an a g Lo
=50 OLnh ot ey oS b sl 952y
Sy Jsle 25a pi=s S9-S5 S pd (Sl

s 1 (So590855 conds dunlio g gy

S i & ASYY - [CIY Joo i JBs ol
ASTM s il ¢ el o3, aos 85 Ly RADWAG
b dy plssl DVAY

b g, Y-

Jamolbas sl waa > L HTPB 5,
S35 sr=Sejlal ogate slainl adg) o (i
5l as DOS 04SP 5 pwr—w g 00— 45u, YO mL
0d— 598 Sty Jale G a0y 09l co aSLS
oad a8lal glainds ado J 3o Bligiome a4y S b
adg) D9l oo £t Sy Sy (s 03 2 L g
i 5 59 =25, Pl (49,0 (ps—ame slaied
b 65,505 sSoslal gl (w85 1,8 0 LaSs
Al pedas ¥e 0C o e laSy oo

Cxy g mls ¥

Ple 5l Jol s (o) 4 B 0l 5o

odgny Alelw 4y byye ole2 503 5 S5,
S 2 60, Shoe Bgjls 93 iz 5 sr—oely
a5y o oitsyerk slajlulsb )
J5—i5 patigyedy Sl oy g S
—oliie DSl (ol g5l L plaS e 050 b
9 el Seille el SIS 05 3583, els
5b S wias 69,515 suialS gos a oSSl
3 rShos Jgjl £9— 5 S35, pols—= — plas o
1555 8 alllae 5,50 FT-IR b g 5 Lay|
O =7 6§98 srmSoslusl bl aalllae ol
Slg—s Sy 58 56 L5 0 plodl (S Jale (y90)
09933 dm > o 50 058 (e i (55,515 eaalS

lap] 5 S (Semdly ad (a3l 5 onigey ailols gl ondiand s ® ) Jsoz
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 | Maleicacid | 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 | 5224 | 34.2
MA-01 3264 65 - 0.004 - 2.028 | 5.224 | 34.2
MA -05 3322 66 - 0.02 - 2.028 | 5.224 | 34.2
MA -15 3457 74 - 0.06 - 2.028 | 5.224 | 342
MA -20 3210 60 - 0.08 - 2.028 | 5.224 | 342
TC-01 3347 62 0.004 - - 2.028 | 5.224 | 34.2
TC-05 3443 65 0.02 - - 2.028 | 5224 | 34.2
TC-15 3539 68 0.06 - - 2.028 | 5.224 | 34.2
TC-20 3627 64 0.08 - - 2.028 | 5224 | 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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and maleic acid (C) retarder in four different concentrations
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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 - 17.911 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
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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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isocyanate (C)

yoaly = (oo (it (§3,)5 b kg (sl 4y (AR (oole aolilad YA



Jo g J8 1 Ladiged VY St 08 )5 ), 8 Pl

b Pl Ladigad wcelw YT 0835 51 uey
—w(yi9 oy 5l Ladiged Jolad p e jlade 500l

s 1 (So590855 conds dunlio g gy

S y—S o3l Shore A o v s5ew ool eolai il
o0ige ailelw 517 +/+0 g o+ ) clalegs o [VA] o
a bynype gl T Jguar b pladl (5 (S0l
o=l (S jsbes s oo LS ) Ladiged (5w
b Bl (G5 (e VL] (B Gl o
s0igm wlelow 5wl ol bt [NA] oS

ol clle o B) gilupysie sl ax 5 (A) gilupjsie Jd gladigas V) IS5
Figure 11. Pre-swelling (A) and post-swelling (B) samples at a concentration of %0.05

Ol 5o elw ¥ Goie 4 dged w020 ,5 (S
5o5_.bc)l_$QTJ)l_>lJ¢J)f2\);é\~' °0C slwos yo
=Ll g (o8 ead SLiS diged lbaom dm ad>jo o
2 = Ssk adslie 5 095 el @l ) eslai ]
= e Jasl I Ve VAl wiocs awlxe ¥ adoles
B VP o ye VLl L o (Hs8ge (559 Mc
.CM‘JMJTWIQ).?VS5GW)_NSVY 6)—6.:.1.’

(¥ aolss)
V, ===V, +V, +xV) V.0 =V, 12)= p I M,

6‘)_u f°)9_’ 09_4)1 )l od_a] [GEWA LY ‘ru)j )_n)l&.a
el 00 0\3)51 ¥ JBA_?' L udaﬁ.o.a

L pion 6 =5 )0 Jdod eSOl a s ol s
walo u.._.Slj ul.:L»_...)g)J‘ ) w_»l)sl 9 s.,\_>u J_ALC
Ay g al gals ol o oie oYL ail IS
e dles | doas 30 ol SCelle a8 e la yials
4_79...: o9 ool J‘—'S‘ﬁ g.:l.:l.»_wa).s‘ l_: )_».05 ‘u_ul.:
(Swelling) p 55 9ol Lodiges ;| cons al> 0 0

00g alelw sladiges Gl py95 g—ojl od ad S
plosl ol o plosl YO 2Cslws jo g yS35les Pl »
D3 g gy Sl aiged Lz 35 09
o) c bl S s (MA-+)) aenlSatlle 5 (OX-+ 1)

L] 51 plaS 52 (5tes g oy ailols sladigad o35 (9051 5| hol> @l ¥ Jgar
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/cm?) ( | fraction
sample of sample | sample 0.05% | 0.01% | crosslink 10*x) W)
(8) (8 (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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