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Background and Objectives: The use of fossil fuels and land use change
has caused a catastrophic increase in carbon in the atmosphere, which has
led to a decrease in soil quality, global warming, and climate change. The
deficiency of organic matter, salinity and alkalinity of the soil are three
important limitations of the soils of winter rangelands in Iran. Biochar is a
carbon-rich material that is produced during the pyrolysis process from raw
materials containing carbon at high temperature and under almost oxygen-
free conditions. It is used to improve soil quality, carbon sequestration and
remove pollutants from the environment. Biochar can be engineered/
designed for specific applications or to achieve specific results. Increasing
the percentage of stable carbon and improving the physico-chemical
properties of engineered biochars can play an important role in carbon
sequestration and improving the properties of winter rangelands soils.

Materials and Methods: After washing and drying, the cotton stalk was
cut into pieces of less than 2 cm. Then it was immersed for 4 hours in a
solution with a concentration of 20% metal salts of calcium chloride,
magnesium chloride and iron chloride, and dried again. Then, in the
electric furnace, at various temperatures of 300, 400, 500, 600 and 700
degrees centigrade, within two hours, 20 biochars (control and engineered)
were produced from treated cotton stalks with different metal salts and
untreated cotton stalks. Finally, properties of produced biochars including
yield percent, organic carbon percentage, stable carbon percentage, acidity
and salinity were measured. Statistical analysis was performed in SPSSyg
software using one-way analysis of variance and Tukey's test.

Results: The vyield of produced biochars (control and engineered)
significantly decreased with increasing temperature, so that the highest
percentage of their yield was observed at pyrolysis temperatures of 300 °C.
The highest percentage of yield (50.20%) was obtained in biochar
treated with iron chloride produced at 300 °C. The highest organic carbon
(50.97%) and stable carbon (99.57%) were obtained in control biochar
produced at 500 °C and biochar treated with iron chloride produced at
700 °C, respectively. The highest increase in the ratio of the weight of
stable carbon to the weight of the feed stock was observed in biochar
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treated with iron chloride produced at 300 °C. The lowest and highest
electrical conductivity (1.1 and 7.43 dSm) were obtained in control biochar
produced at 300 °C and calcium chloride treated biochar produced at
700 °C. The highest and lowest acidity (9.83 and 5.60) were observed
in control biochar produced at 700 °C and iron chloride treated biochar
produced at 300 °C.

Conclusion: Considering the limitations in the soil of Iran's winter
rangelands and the characteristics of control and engineered biochars along
with the energy required for their production, Biochar produced from
cotton stalks treated with iron chloride salt at 300°C has the highest
performance and high stable carbon, the lowest acidity and acceptable
electrical conductivity, therefore, it is recommended to use in carbon
sequestration and plantation projects in winter rangelands of Iran.
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Table 1. Feed stock (Cotton stalk)properties.
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Table 2. Some characteristic of control and engineered biochars at different temperatures.
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(ds/m) ratio to feed stock (%)  carbon (%)
1.10° 8.57%f 36.07% 77.50° 46.53% 46.40™ Control
6.37°" 8.60% 32.77° 79.20° 41.37™ 49.07° Cacl,
4.20% 8.97¢ 35.60% 77.47° 46% 46.93™ Mgcl, 300
3.33% 5.60° 44.17° 91.40 48.37°1 50.20° Fecls
1.73° 9.10°% 46.73° 91.97% 50.80° 42.17"™ Control
7.10™ 8.10" 38.13° 93.10* 40.97™ 41.20%™ Cacl, 400
470° 9.20°f 44.50° 90.70° 49.03™ 38.530m Mgcl,
3 6.80% 46.10° 95 48,530 42.67™ Fecls
1.70° 9.27% 46.87° 920cd 50.97° 30.50% Control
6.03% 8.43%f 35.30% 95.80% 36.87° 34,17%%f Cacl,
4.30% 8.73°% 44.60° 97.27° 45.90% 29.10® Magcl, 500
3.37% 6.67% 47.03° 99.07 47.50°0 38,13 Fecls
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5¢ 9.57¢ 46.83° 98.97" 47.30%9 32.70™ Mgcl,
457° 6.90%* 46.27° 99.30" 46.60% 37.23%0 Fecls
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Figure 1. Effect of temperature changes on Yield of control and engineered biochars.
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Figure 5. Effect of temperature changes on pH of control and engineered biochars.

SoosliS SN sames Lle 3l edi ) $ 50 pH an el Sl ass auls (Y2YY) OLs 5 Sun

Pt e sl sl 5l elid 5 s PH WA G VYA B o/ae |y Cilises gl 5o
asdenl Gy e Al VL glales s (YY) Sl S (19) olea s Wang .(VA) Lles S S5
3 SLosbds () Wb e Sl edid 5 b s (K s Nay oUW obe o Lo S 4 S

Ve



V€Y ) b)w AR 0,92 4«5‘&9 c,:i cblis dl.hw.@s)_p

SIS Sl jie) al 35008 6 el S5 0LLE
SLLS pletan glaul b 5 by S cotle s
Lo 52 S e silte o (J g oS 538 0L
ol Sl e S S s (uw-j LS5
spie b oUE 5 Sal Sl s 5 ke
Al A Sl L sl i Sl (Y0)
53 sl SlS 5 paalp SR e g
2 S Gl b s 5 olS Wi Lo

55,548
= s b oay il e 1 S0 A1yl
Slaslr 50 EC (P<2/00) Sls oo [aslsil 4 gl 5
Y odsdsr) Ao e iliie glales s sddul g
slolrse 03 BEC il 5 (0 IS0
»» EC Ll 5. 5 Cacly bosdiles
wals s S sdalie FeCly U oo jles slalx 50
Yoo b)) WY 5l dals glayls e EC ol ks
a3 Voo gles) YA dS/M G (ol S sl a5y
ol sles glaslr 5w EC &l i aisls 5 (o S sl
dS/m G (o1 S sl ax 5 Yor sles) Y5l Fecls b

g (LS Sl amys e gles) £/0V

9.00
$.00
7.00
6.00
5.00 , y
400 @ * : 1
3.00
2.00
1.00
0.00

300

400 500

600

53 el 5 b s PH 035 508 (V01 0L
SlS 5 5 I sl W5 a4 b Soal sbebes
by Jsboion 5 sk a4 5l AU e
Sl L Jall b OKs g S (YY) ls e
S a5 ol s 5 U Sl
N05mS| bl slass S Jols T (sladd
3 ShasS S Al (ST el o) el
5 o (P Wl e Sl (SKSsY
Sl s 03, S Lzl (Y4IV) O Ses
YIY Olpee 4 1 WOl a el 0l g 5 o SHS
ol g Lol 5l 5 das als a1y V4
Zhao .(Y+) aule eslital agdes — 5 S
S d Lol 0353381 L Azl 5 (YIV) Ol
M5 Sledd pudige Jlr e (28 s Do 4
SO PH Gl oS Ao pesdle S S
das Eals (Cilise glags 53) TG Vo 4 VY
Sl sl Lol 035 oS 4 s L OTY)
ol L5 e Sl s PH 055 VL D1l s (DS
SIS w3 Ol 3,08 gliwly 53 ege cinsd
PH L b podige slajlr s A58 550 O s
G S b oadsl sl Jles Gk Sl Sl
Aol Sl el Kl e ol LS al

EC (dS/m)

—Control
—CaCl2
MgC12
FeCl3

700

Biochar production Temperature (°C)

.e.&ﬁ’wx\.@a} Aals 6\#)\{” éﬂ‘ C.,.ﬂ.uiﬁ Los Q‘J.niu' JJ"—-\ Jgé
Figure 6. Effect of temperature changes on EC of control and engineered biochars.
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