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ABSTRACT

Most heavy metal contamination is found in Asian and African nations, and late
water filtration methods rely heavily on electricity. Also, a large population living in
rural Asian and African countries consumes heavy metal-contaminated water due to
the lack of electricity. Additionally, heavy metal pollution in groundwater is a
significant concern for human health in the Indo-Gangetic Plain of India. Moreover, due
to a lack of economically and sustainable rice straw waste management options for rice
straw utilization, around 84 Mt of rice straw is burned on the field in India. We aim to
transform rice straw waste into biochar and utilize it to remove heavy metals from
groundwater. Therefore, this study produced biochar from rice straw at different
temperatures (300-600 °C) through pyrolysis. The result indicated an increase in
process temperature led to the decreased biochar yield (57.87 — 35.63%), while the
yield of bio-oil (30.22-39.6%) and syngas (11.91-26.16%) increased. Moreover, pH
(8.28-11.4), fixed carbon (43.91-57.63%), pore-volume (0.0087-0.059 cm?®g™), surface
area (12.78-83.06 m? g1), and HHV (17.63-20.13 MJ kg™) of biochar increased. The
energy (76.7-82.39%) and exergy efficiency (63.97-81.57%) of the pyrolysis system
increased with process temperature, and the thermodynamic optimization was achieved

at 600 °C.

The single-step physical activation (CO2 and H,O) of rice straw was planned and
optimized the activation process parameters to get better biochar yield and surface area.
The biochar activation parameters were optimized using the central composite design
method. The CO; activated biochar has an optimum surface area and product yield of
399.99 m? gt and 26.79 %, whereas H,O activated biochar has an optimum product
yield and surface area of 31.53 % and 300 m? g*. The SEM analysis shows that CO;

activated biochar has a more uniform porous structure compared to H>O activated
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biochar. Cost analysis revealed that CO, and H,O activated biochar had a

manufacturing cost of 1.287 and 1.672 U.S. $ kg™, respectively.

Biochar derived at 600 °C had a higher surface area (78.17 m? g1) and adsorption
capacity for As (4.51 mg g*) and Mn (3.61 mg g?) in a binary metal system. The PSO
kinetics (R% 0.97) and Langmuir isotherms (R% 0.94) model batter explained the
adsorption of As and Mn. The adsorption was takes place by electrostatic attraction
between metalloids and oxygenated (-COOH and -O.H.) surface functional groups.
Health risk assessment indicated that field water (50 ml) treated with 0.1 g biochar had
the highest As and Mn removal efficiency (>85 %) and hence lowered the cancer risk in
the community. The cost of biochar produced at 600 °C (0.913 U.S. $) is comparable
with other adsorbents. Furthermore, COz-activated biochar was used to study the
comparative analysis of As and Mn adsorption in a single and binary metal approach.
Findings showed that the maximal sorption capacity of As and Mn in single metal
systems was 18.26 and 12.18 mg g™ and 8.51 and 5.42 mg g in binary metal systems.
The highest removal efficiency of As (99.53 %) and Mn (96.23 %) was achieved in
naturally contaminated water (Sahibganj, district of Jharkhand, India). Health risk
assessment indicates chances of cancer (CR> 1x 10 and HQ>1) in humans due to the
high concentration of As (192 ug L™). Water treated with 0.1 g activated biochar had
lower CR and HQ values, and metal concentration was below the WHO safe drinking

water standard.

Apart from this, silver and copper impregnated CO; activated biochar was produced and
studied its efficacy in removing heavy metals as well as microbial contaminants from
groundwater. Results indicated that silver-impregnated activated (As: 87.29% and Mn:
99%) biochar had higher metal removal efficiency than copper-impregnated activated
biochar (As: 84.38% and Mn: 99%). The antibacterial rate of silver-impregnated

activated (92.74%) biochar was higher than copper-impregnated activated biochar
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(76.70%). The concentration of As and Mn ions in the field water after adsorption by
silver and copper-impregnated activated biochar was found in the range of the BIS safe

drinking water guidelines.
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SIHTT HIRY o1 ol TRITE SR Sipbie! G H UIT §1d &, S8R &R ¥ U B &
TR farerell W Tga i ek v &1 T &1, wmfior TR oiR epie! 3t # xgA
aTel T 3T AT faotelt @t St & BRUT UK U1g gt Ut &1 Jad el g
g% SfARed, YR & T & AeM & Yoid & URY T UgWUT A4 WA & o Ue
Hedqu! fidT o1 faw g1 39 SIaTdT, Trad & Y & ITANT & fag onffes w0 § eiR
e d1ad & YA U yeed fdwedl &f HH & HRUI, URd T THIHT 84 Hifdd
oA Frad & YA DI Sl {331 77 ATl SURT d&d Iad & YH & HaR Dl SR §
el 8 3R 3BT ITANT Yol F HRY yrqaft &) Febrerr 1 S9N 39 sreg #
IR & SIRT Arad & Y I Q-3 ATUHHE (300-600 °C) TR SRR &1
Idre foar mar| afkoma A Had e o ufdsar argam & g & SR IR 3us
(57.87 - 35.63%) B HHI TS, S SIF-qd (30.22-39.6%) 3R AT (11.91-26.16%)
&1 U W gfg B2 1 3P farar, ud (8.28-11.4), fhaRs BT (43.91-57.63%), TUR-

AcgH (0.0087-0.059 cm? ¢!, TAE & (12.78-83.06 m? g), 3R TATIAT (17.63-20.13
MJ k') SR # gfg 83| IRRIIRT Yomeh &7 Foif (76.7-82.39%) 3R Folt g
(63.97-81.57%) UfshaT ATTHM & WY T, 3R YHSTIIHS THAT 600 °C TR gId
forar T 7| 9TEad & YY & THa-aRul Hifdd Fiehaur (CO, 3R H,0) B TSI g5
T8 ot 3R IR IRIER IS 3R Fdg &3 U P & forw Ffchgur ufsbar Arucst &
3pfora fbar T o1l S Ty fSs ugfd &1 IUANT b TR Fihaur
AYES! oY S ierd fobar T ATl Co, Ty IEaR &1 Uh 3PaH I8 &7 3R I
JTS 399.99 m2 g-1 3MR 26.79% 8, S&id H,0 Jfhd TR H TH IPIH IdTG U
3R Idg &9 31.53% 3R 300 m? g"' g1 SEM fazawur & udr Iardn g f& H,0 Ifesa
SRR & a1 # o, A IR § if¥e gaF fayef Taqm gkt g1 @
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ey & udt =a § & o, 3R H,0 Ifhd SR ! fHafor anmd sas: 1.287 3R

1.672 3ARBT STeR fhaf-1 21 600 °C TR U IR H Teb I Idg & (78.17 TH2
Sfi-1) SR T fgamert urg vomett & SRH® (4.51 mg g) 3R HHS 3.61mg g) &
forg Tram @1 e | S-feda w1 FAca (R 0.97) 3R dTHER S9ilew (R
0.94) AISE X 7 As 3R Mn & TG St ARSAT FI | UMY HI Aedrzgd 3R
SHTRISH gad (-COOH 3R -0.H.) e HATHS THgI & Sid SRS HTHY

GRT QT ST 7T T | XGTRA ShgH Gedich = Yobd fedm fs 0.1 UM SR & 91y
ITAIRG &5 & T (50 ml) H I=aH e iR HATHS e &) &fdl (> 85%)
3R i g # W & ST &1 HH BT 600 °C (0.913 JUI IleR) W
Idfed IR & AN 3= U aarar yard & 9y Jaig g1 $9db 3(amdl, CO,-
fehd TAER &1 IUAN Thd 3R fgemuR g eRH & oRie SR AT SRa=
& I RNl T 37eaa H- o ford o T o7 | Fsewst & Ul = § f vavd
o7 vomferal # SRR SR ATt & SHf¥GdH TRa T &l 18.26 3R 12.18 mg g'!
3R 8.51 3R 5.42 mg ¢! SR Hed Red & A1 pso 7fas #@lgd (R 0.99) 3R
TR 3ol ST (R2> 0.95) NS Sl P 1Y 33T AT 6@ § | Midpfa®
w0 ¥ gid Ut @R, YR H SRR (99.53%) 3R AT (96.23%) Bt S=dH

hI et BRI &t T off | Tarea SRy Jeaid SMRifF® (192 pg L) & 3
igdl & HROT AT H HIR (@FHIMR> 1 x 10 R TEATI> 1) BT GHIE BT 37
FRAT &1 0.1 UTH Ifehd SRR ¥ IU=Rd gt # WeR 3R Taed & U &1 9,
3R YT D! TiGdT Swguash & JRI& Ggeid A 4 =i ot

3HD 3T, e 3R PR VA CO, Udedds TRIER BT IdIG fobar T 3R

YoId I YR 413 o G1Y-I1Y HISehIadd gD Bl g U SHD! YHUITHTRAT BT

g foham Tar| oot 3 Hohd i f Ricar-S09cs ufaedes (As: 87.29% 3R
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Mn: 99%) SR H HIIR-3UUCS UFTACS TR (As: 84.38% 3R Mn: 99%) P
qa-T | dea Rgaa g sifte ol Ricor-38RIcS Tfdedcs (92.74%) SRR &I
SIURI @R HIR-3WACE Udedde TNR (76.70%) &I a1 T D f| =it
3R did-mfach Ffoha IR gRT 9Ra- & 916 &3 & UM H As 3R Mn 31T &1
gl ST GRIard Gaere fa=ni-a=i &1 ar & urg 75
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