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T h e f ast- gr o wi n g e n er g y cri s es a n d d e pl eti o n of f ossil f u el s as w ell as t h e e missi o n of gr e e n h o us e 

g as es l e a d t o s e v er e p oll uti o n of t h e e n vir o n m e nt. T h er ef or e, t h e d e v el o p m e nt of s ust ai n a bl e e n er g y st or a g e 

d e vi c es ( e. g.  b att eri es, s u p er c a p a cit or s) is v er y cr u ci al f or s ol vi n g e n er g y iss u es, w hi c h r e q uir es n e w a n d 

a d v a n c e d m at eri als as w ell as n o v el f a bri c ati o n t e c h ni q u es i n or d er t o a c hi e v e hi g h el e ctr o c h e mi c al 

p erf or m a n c e. I n r e c e nt y e ar s, t h e r ati o n al d esi g n a n d s y nt h esi s of n a n ostr u ct ur e d p arti c ul at e m at eri als i n 

f a v or a bl e m or p h ol o gi es h a v e attr a ct e d si g nifi c a nt att e nti o n. A m o n g v ari o us m at eri al s wit h diff er e nt 

m or p h ol o gi es, c ar b o n s p h er es h a v e r e c ei v e d a gr e at d e al of i nt er est d u e t o t h eir r e g ul ar s h a p e, l o w s urf a c e fr e e 

e n er g y, g o o d fl ui dit y, hi g h p a c ki n g d e nsit y, a n d c h e mi c al st a bili z ati o n. 

T h e r es e ar c h c o v er e d i n t h e s c o p e of t his di ss ert ati o n i s ai m e d t o a d dr ess t h e f oll o wi n g o bj e cti v es: (i) 

t o d e v el o p t h e m et h o d ol o gi es f or d esi g n a n d s y nt h esi s of s p h eri c al c ar b o n- b as e d m at eri al s usi n g s oft t e m pl at e 

a n d t e m pl at e-fr e e s pr a y dr yi n g m et h o d, p arti c ul arl y t h e pr e ci s el y t ail or e d str u ct ur e, p or e t e xt ur e, a n d s urf a c e 

pr o p erti es, (ii) t o pr o vi d e a p ossi bl e m e c h a nis m f or o bt ai ni n g a n i n- d e pt h u n d er st a n di n g of t h e p arti cl e 

f or m ati o n of c ar b o n- b as e d m at eri al s, a n d (iii) t o s h o w h o w t h e m or p h ol o g y, p or e si z e, a n d m at eri al 

c o m p ositi o n m a y i nfl u e n c e lit hi u m-i o n b att eri es ( LI Bs) a n d s u p er c a p a cit or s p erf or m a n c e. T hi s di ss ert ati o n 

c o m pris es fi v e c h a pt ers, of w hi c h c o nt e nt i s d es cri b e d bri efl y as f oll o ws. 

C h a pt e r 1  s u m m ari z es t h e i m p ort a nt pr o p erti es of s p h eri c al c ar b o n- b as e d m at eri al s, t h e s e v er al 

s y nt h eti c str at e gi es f or pr o d u ci n g c ar b o n s p h er e m at eri al s wit h d esir a bl e str u ct ur es a n d f u n cti o n aliti es f or 

e n er g y st or a g e a p pli c ati o ns, a n d t h e alt er n ati v e m at eri al i n r es p o ns e t o t h e pr o bl e m s uff er e d b y c ar b o n a c e o us 

m at eri al s. T hi s s u m m ar y a n d pr o bl e m st at e m e nt s l e a d t o t h e m oti v ati o n of t h e r es e ar c h es c o v er e d wit hi n t h e 

s c o p e of t his diss ert ati o n. 

C h a pt e r 2  di s c uss es t h e d e v el o p e d str at e g y f or f a bri c ati o n of c ar b o n- c o at e d Si Ox  ( Si Ox @ C c or e-s h ell) 

p arti cl es t hr o u g h a s ol- g el m et h o d usi n g t h e si m ult a n e o us h y dr ol ysi s- c o n d e ns ati o n of t etr a m et h yl ort h osili c at e 

( T M O S) a n d p ol y m eri z ati o n of 3- a mi n o p h e n ol a n d f or m al d e h y d e f oll o w e d b y t h e c ar b o ni z ati o n pr o c ess. T h e 

c or e −s h ell p arti cl es c a n b e o bt ai n e d wit h a w ell- c o ntr oll e d r e a cti o n r at e a n d s p h eri c al m or p h ol o g y b y usi n g 

T M O S as a n e x c ell e nt sili c a pr e c ur s or f or t h e fir st ti m e i nst e a d of t h e tr a diti o n all y us e d t etr a et h yl ort h osili c at e 

( T E O S). W h e n us e d as t h e a n o d e m at eri al f or LI Bs, t h e o bt ai n e d Si O x @ C c or e −s h ell p arti cl es e x hi bit e d a 

r e v er si bl e c a p a cit y of 5 0 9. 2 m A h g- 1 at 1 0 0 m A g- 1 a n d t h e c a p a cit y r et e nti o n w as a p pr o xi m at el y 8 0 % aft er 

1 0 0 c y cl es. T h e si g nifi c a ntl y i m pr o v e d el e ctr o c h e mi c al p erf or m a n c e d u e t o t h e m or p h ol o g y a n d str u ct ur e of 

t h e m at eri al. 

C h a pt e r 3  f o c us es o n t h e s y nt h esi s of s p h eri c al c ar b o n p arti cl es d eri v e d fr o m Kr aft li g ni n vi a t h e 

s pr a y dr yi n g m et h o d f oll o w e d b y t h e c ar b o ni z ati o n pr o c ess. T h e d e v el o p e d s y nt h eti c str at e g y i s hi g hl y 



  

significant because it allows the utilization of lignin as an abundant and sustainable carbon precursor. The 

carbon particles generated in this study could be obtained with spherical morphologies and it could be 

precisely controlled from dense to hollow sphere by varying the potassium hydroxide (KOH) concentration. In 

addition, to get a better understanding of the particle formation of carbon particles, a plausible mechanism has 

been discussed in detail, which provides insights with regard to the exploration of lignin-derived carbon 

materials. The resulting spherical carbon particles exhibited dense structures with a specific surface area (1233 

m2 g-1) and tap density (1.46 g cm-3) superior to those of irregular shape carbon particles. The carbon sphere 

particles having a high tap density as advanced materials can endow them for a broad prospect of applications 

in the areas of colloids and interface science as well as sustainable development. 

Chapter 4 provides the characterization of hollow carbon spheres (HCSs) derived from Kraft lignin 

with their structural, pore texture, surface morphology, and electrochemical performance for supercapacitors. 

HCSs with high specific surface area up to 2424.8 m2 g-1 and micro-mesoporous structure were obtained at low 

KOH-to-lignin mass ratios (below 1.5), which was in accordance with green chemistry principles. In addition, 

these HCSs can be used as electrode materials in supercapacitors for energy storage applications. This newly 

developed synthetic process is expected to lead an advanced carbon material and the value-added utilization of 

Kraft lignin.   

Chapter 5 provides a summary of all chapters and suggestions for future research. 


