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ABSTRACT 

Shear thickening fluids (STFs) have so far been developed by conventional methods using hard 

solid particles of silica of different shapes and sizes. The potential of hybrid mesoporous silica for 

STF preparation has remained unexplored. Similarly, the integration of polyborosiloxane (PBS) 

into thermoplastic polyurethane (TPU) matrices and the development of PBS/TPU composite 

foams via supercritical CO₂ (scCO₂) foaming have not yet been investigated. This thesis addresses 

these gaps by systematically designing, synthesizing, and characterizing boron-modified 

mesoporous silica of various particle sizes and different morphologies for the preparation of STFs. 

This study extends further to reorganization and transformation of those STFs into PBS/TPU-

based composites and foams aiming at high-performance impact protection. 

Under the present research-work, a co-condensation strategy was optimized to synthesize 

mesoporous and non-porous silica by controlled boron content, and variation in particle size and 

morphology. Rheological studies revealed that mesoporous silica significantly outperformed non-

porous analogues. With its porosity and minimal boron content it synergistically enhanced shear 

thickening behavior. Moreover, it was observed that particle size greatly helps tune the critical 

shear rate and viscosity response. Mesoporous silica having relatively larger particles effectively 

imparts viscoelasticity and discontinuous thickening via dense frictional contact networks. 

Morphology was found to be equally critical. Spherical and short-rod particles enabled efficient 

energy dissipation, while Kevlar fabrics treated with short-rod-STF composites demonstrated 

superior yarn pull-out resistance and absorbed up to 91.9 J in drop impact tests, far surpassing 

untreated fabrics. 

Based on these insightful results, PBS was melt-blended with TPU and reinforced with 

mesoporous silica, followed by scCO₂ foaming. The results revealed that low PBS loadings (≈5 
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wt%) substantially improved compatibility and stress transfer, while higher loadings caused phase 

separation. Boron-modified mesoporous silica markedly improved interfacial adhesion, 

dispersion, and foam nucleation, enabling stable bimodal cell structures under optimized foaming 

pressures, (at 180–190 bar). Mechanical testing also confirmed that low PBS blends and silica-

reinforced composite achieved superior tensile strength. The TPU/PBS boron modified 

mesoporous silica composites have shown excellent ductility, fatigue resistance, and damping 

capacity, making them a promising candidate for lightweight protective and vibration-damping 

applications. 

Overall, this thesis involves a pioneering work on the use of hybrid mesoporous silica in STF 

formulations and attempts to establish a scalable pathway to engineer PBS/TPU-based foams with 

tailored morphologies for multifunctional performance. 
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'kks/k izca/k lkj 

ruko&cy vFkok izfrcy dh fØ;k'khyrk ds QyLo:i xk<+k gks tkus okys rjy 

inkFkZ ¼f'k;j fFkdsfuax ¶ywbM] la{ksir% ,l-Vh-,Q½ vc rd ijaijkxr i)fr ls 

rS;kj fd;s tkrs jgs gSa] ftl esa izk;% flfydk ;k dSfY'k;e dkcksZusV ds fofHkUu 

vkd`fr;ksa vkSj lkbtksa ds Bksl d.kksa dk iz;ksx fd;k tkrk gSA ysfdu e/;e&lja/kz 

¼eslksiksjl½ ckSjksu&fefJr flfydk dh laHkkO;rk dks [kkstus ij[kus dk iz;Ru vc 

rd ugha fd;k x;kA blh izdkj ewy inkFkZ FkeksZIykfLVd ikWyh;qfjFksu ¼Vh-ih-;w½ esa 

ikWyhckSjkslkbyksDlsu ¼ih-ch-,l½ ds lekos'ku ls] vf/kØkafrd ¼lqijfØfVdy½ CO
2
 

}kjk Qksfeax dj] ih-ch-,l@Vh-ih-;w dEiksftV Qkse cukus ij vc rd fopkj ugha 

fd;k x;kA izLrqr 'kks/k izca/k dk y{; mi;qZDr vHkko&lwpd fjfDr;ksa ¼xSIl½ dks 

Hkjus dk ,d ifj.kkenk;d vkSj vk'kktud iz;kl gSA 

;g 'kks/k izca/k ,l-Vh-,Q cukus ds fy, fofHkUu lkbtksa vkSj cgqfo/k vkd`fr;ksa ds 

ckSjksu&la'kksf/kr e/;e&lja/kz flfydk dks lqO;ofLFkr rjhds ls la'ysf"kr ,oa 

:ikf;r djus rFkk mu dh fo'ks"krk,a fu/kkZfjr djus dk fooj.k] vkSj bl ls vkxs] 

mRd`"V fu"iknu {kerk ls ifjiw.kZ vk?kkr izfrjks/kd fufeZr djus ds mís'; ls ih-

ch-,l@Vh-ih-;w&vk/k`r ,l-Vh-,Q dks dEiksft+V ,oa Qkse esa iquxZfBr vkSj 

:ikUrfjr djus dh izfØ;k dk foLrkjiwoZd v/;;u] izLrqr djrk gSA 

ifjdfYir 'kks/k iz;kstu ds vuqlkj] e/;e&lja/kz ,oa vlja/kz flfydk ds la'ys"k.k 

gsrq] ckSjksu dh fu;af=r ek=k vkSj d.kksa ds lkbt ,oa vkd`fr dh fofo/krk }kjk] 

,d lgla?kuu ¼dks&daMsUls'ku½ iz.kkyh vuqdwfyr dh xbZA izokfgdh; 

¼fj;ksyksftdy½ v/;;uksa ls irk pyk fd vlja/kz dh vis{kk e/;e&lja/kz flfydk 

esa vlk/kj.k {kerk ikbZ tkrh gSA mDr flfydk viuh fNfnzy vkd`fr vkSj ckSjksu 
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dh vfYi"B ek=k ds dkj.k f'k;j&izHkkfor l?kuu ¼f'k;j fFkdsfuax½ O;ogkj esa 

lgfØ;kRedrkiwoZd ldkjkRed cnyko ykrk gSA blds vfrfjDr] ;g Hkh ns[kk 

x;k fd d.kksa dk lkbt Økafrd f'k;j nj ¼ØfVdy f'k;j jsV½ vkSj ';kurk 

¼foLdksflVh½ dks leaftr djus esa vR;f/kd lgk;d gSA e/;e&lja/kz flfydk ds 

lkis{kr% cM+s d.k ?kuhHkwr ,oa izLij lac) ?k"kZ.kkRed laLi'kZra=ksa }kjk izHkkoh :i 

ls ';kuizR;kLFkrk ¼foLdksbykfLVflVh½ ,oa vlaru l?kuu ¼fMLdksfUVU;wvl 

fFkdsfuax½ mRiUu djrs gSaA v/;;u esa ;g Hkh ik;k x;k fd d.kksa dh vkd`fr mruh 

gh egRoiw.kZ gS ftruk fd lkbtA xksykdkj ,oa jkSM vkdkj ds NksVs d.kksa }kjk 

mtkZ foltZu vf/kd dq'kyrk ls fu"ikfnr gksrk gSA vuqla/kku ds Øe esa NksVs 

jkSM:ih d.kksa ls fufeZr ,l-Vh-,Q dEiksft+Vksa ds lekos'ku okys dsoyj QSfczd us 

cfgxkZeh /kkxk f[kapko dk mRd`"V izfrjks/k iznf'kZr djrs gq, ikru ifj.kke izh{k.k 

¼Mªki bEiSDV VsLV½ esa 91-9 J rd ds vk?kkr dks vo'kksf"kr fd;kA 

bUgha ladsriw.kZ ifj.kkeksa ds vk/kkj ij ih-ch-,l dks nzfor voLFkk esa Vh-ih-;w ds 

lkFk CysaM djds mls e/;e&lja/kz flfydk }kjk izcfyr fd;k x;kA rRi'pkr 

ØkfUrd CO
2
 }kjk Qksfeax dh xbZA ifj.kkeksa ls irk pyk fd de ek=k ds Hkkj.k 

¼yksfMax½ ls lekuqdwyrk ¼dkWEikSfVfCyVh½ ,oa LVªsl LFkkukUrj.k esa lkFkZd ifjorZu 

vkrk gS] tc fd mPprj ek=k ds Hkkj.kksa ls izkoLFkk i`Fkdu ¼Qst+&lsiSjs'ku½ gks 

tkrk gSA ijh{k.kksa ls izekf.kr gqvk gS fd e/;e&lja/kz flfydk vUrjki`"Bh; 

vklatu ¼bUVjQsf'k;y ,sMght+u½] fo{ksiu ¼fMLi'kZu½] rFkk Qkse&U;wDyh;u 

¼Qkse&U;wfDy;s'ku½ dks leqUur ,oa lefUor dj] vuqdwfyr Qksfeax izs'kj ds v/khu] 

¼180&190½ ckj ij] fLFkj f}eksMh; lsy lajpuk,a fodflr djrk gSA ;kaf=d 

ijh{k.kksa ls Hkh ;g lR;kfir gqvk gS fd ih-ch-,l dh de ek=k okys CysUM vkSj 
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flfydk&izcfyr dEiksfTV mPPrj VsUlkby 'kfDr izkIr djus esa lQy jgs gSaA Vh-

ih-;w@ih-ch-,l lg ckSjksu&la'kksf/kr e/;e&lja/kz flfydk }kjk fufeZr dEiksftVksa 

us mRd`"V rU;rk ¼MdVhfyVh½] i;kZIr ¶Vhx izfrjks/k] rFkk mÙke voeanu ¼MSfEiax½ 

{kerk tSls egRoiw.kZ ,oa mi;ksxh xq.kksa dk izn'kZu fd;k gSA bUgha lfEefyr xq.kksa 

ds dkj.k ;s dEiksftV deotu vk?kkr&izfrjks/kdksa ds l`tu rFkk daiu&voeanu 

lacaf/kr vuqiz;ksxksa ¼,sfIyds'kUl½ ds fy, izR;kf'kr fodYi cuus ;ksX; gSA 

dqy feykdj] ;g 'kks/k izca/k ,l-Vh-,Q ds fofHkUu lw=hdj.kksa ¼QkewZys'kUl½ esa 

ckSjksu fefJr e/;e&lja/kz flfydk ds izHkko'kkyh iz;ksaxsa ij lc ls igyk v/;;u 

izLrqr djrk gSA ;g ih-ch-,l@Vh-ih-;w&vk/k`r Qkse dh vuq:fir vkd`fr;ksa ,oa 

lajpukvksa dks cgqdk;kZRed fu"iknu ;ksX; cukus ds mís'; ls mu ds vfHk;a=.k 

vkSj mRiknu dh ,d O;kid iz.kkyh fodflr djus dh fn'kk esa igyh [kkst dk 

ifjpk;d gSA 
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