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Abstract

In recent years, research on biochar as anrewdfy material and cost-effective means for wateatment, soil amendment
and carbon sequestration has gained more attedtiento the availability of feedstock, the simplicibf the preparation
methods, and their enhanced physico-chemical ptiepeiGiven that pyrolysis temperature and residien¢ amongst other
factors have significant effect on biochar’s pahitremoval efficacy, this study focused on thdwatéon of some properties of
biochars produced by pyrolysis (500 - 600 °C) frentandrophragma cylindricufECB), Eucalyptus maide(EMB), Milicia
excelsa(MEB) and Ocotea michelsoni@OMB) sawdusts for their water treatment potentlaisusing standardized methods.
Biomass generated from wood mill in the city of Goma (DR Congo) is valorised for the first time as potential water
purifier. The highest yield was obtained from OMB (36.6%jalihwas found to be significantly greater that #tho$ ECB and
EMB (p<0.05). All the biochars had neutral to weasillkaline pH (7.10-7.90), very high porosity (929, with EMB having
the highest value) and ash content between 9.4018rt%, with the highest value attributed to OMBIpst physical and
chemical characteristics of biochars varied sigaifitly due to different wood species. Potentiald@tements were far below
environmental threshold values and exchangeablensatvere equally detected in the biochars. Thaiobt biochars are
therefore seen as good media for water treatment.
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1. Introduction

Water quality is continuously deteriorating doerapid industrialization, population expansior atimate change (Lumnvet
al., 2018). The resulting pollution caused by chensieaid/or pathogenic microorganisms poses a seftioeiat to the well-being
of the earth and its people. According to (UNICHId &/HO, 2015; Biosengazet al, 2020, 663 million people with 319 million
in Sub-Saharan Africa, of which 80% live in rura¢as, still lack improved drinking water sourceke3e figures show the failure
of the United Nations millennium Development GO@DGs) in Sub-Saharan African countries. Recentligh the adoption of
Sustainable Development Goals (SDGs), the UnitetioNs: through SDG 6 intend to ensure the availgbdind sustainable
management of water and sanitation for the entoddapopulation by 2030 (UN, 2015, Nchofagaal.,2020). However, SDG 6
may only be achieved in Sub-Saharan African coestif community-based water treatment methods #&boeated and
practically put in use. In this regard, biochahemiogy appears to be promising as it relies oallpgeadily available materials
and uses local skills, making it appropriate foairand low-income communities (Niwagaégal., 2014).

The origin of biochar is traced to the anciempylations of Indian America in the Amazon regiknpwn locally as "Terra Preta
de Indio", where black earth was created using,cwatiitionally produced (Lehman2009). Research on Terra Preta soils
(anthroposols) in the Amazon revealed the effeétbiachar on soil by the improvement of its fettilin a sustainable way.
Biochar is defined as char produced by pyrolysisuie in agriculture (and other non-thermal apfilices) in an environmentally
sustainable manner (EBC, 2013). As a stable carisbrmaterial Biochar shows incredible potentiahtindle water/wastewater
contaminants (Enaimet al, 2020). It is generally produced by pyrolysisnfragricultural residues, manure or wood, and
characterised by having a large surface area (B@B-ff/g), low density and high porosity which makesritefficient adsorbent
and good biofilm carrier (Downiet al, 2009; Enaimet al, 2020). Due to its unique properties, there @agng interest in using
it as a filter medium to enhance water and wastemauality (Perez-Mercadet al, 2018). Many studies have also demonstrated
its efficiency as an adsorbent and biofilm carf@rremoving organic matter, surfactants, phosphdR) and nitrogen (N) from
onsite wastewater and greywater treatment syst®ashgedket al., 2017; Gwenzi, 2018; Yet al, 2019). However, its physical,
chemical and structural properties can vary greddgending on the type of organic material used thedbiochar production
conditions (temperature, heating rate and oxida{{Perez-Mercadcet al, 2018).

The Democratic Republic of Congo (DRC) has ohthe highest available water resources in Afridawever, potable water
supply remains a major concern in many urban aral communities in this country. The DRC is ondlef Sub-Saharan African
countries which have recorded the highest numbecaskés of cholera. In 2017, 55 000 people fek $hat is 28% more
compared to the previous year and 1190 died inf24e026 provinces of the country (RDC, 2018). Thentry is also very rich
in forestry species which are generally used foodvavorks generating by-products such as sawdudt dhases serious
environmental problems as they are not managedsiritable way. Some authors in DRC have workedioohiar as part of solil
amendment (Peltiezt al, 2010; Lele, 2016; Schuet al, 2019). However, no critical work has focusedtlo& potential use of
wood biochar for water purification in this country

The main objective of the study was to assesgtitential of wood species in Goma for water et as a contribution to
enhancing the access to portable water of the ptipal
Specifically, the study focused on the:

« Determination of wood species widely used in Gomaifwhich biochar can be obtain
» Determination of the biochar yield of the identifiezood species.
» Evaluation of the biochars physicochemical charésttes for their potentials in the purification whter.

This research focuses on the valorisation ofnlaigs generated from wood mill in the city of Gontao may serve as potential
water purifier thus, mitigating environmental padilin as well as providing sustainable water sugpljouseholds in the city in
particular and the entire DRC in general.

2. ldentification of wood species widely used in thcity of Goma

A questionnaire was administered to eight salgnmilthe city to identify the most used lumbethee city. Two selection criteria
(quality and the availability of species) guideck timvestigation. The non-parametric test was agptie identify the most
commonly used wood species and the species thdtipes the highest quantity of sawdust.

3. Biochar production and determination of biocharyield

Variation in pyrolytic temperatures and feedkwaffects the yield and nutrient composition aidhiar (Naeenet al, 2014).
During pyrolysis, biomass undergoes a variety ofsptal, chemical and molecular changes. Volatigratiuring pyrolysis causes
significant loss in mass and therefore volume rédoand shrinking without causing much changeh®adriginal structure of the
feedstock (Lainest al, 1991). In addition, pyrolysis affects cation kange capacity (CEC), pH and carbon content ofHaipc
(Wu et al, 2012; Naeenat al, 2014). Yield determination is thus of prime imamce to determining optimum condition and the
best feedstock for the production of biochar fqragticular use. The raw materials were collecteldgs and transported to the
biochar production site. Pyrolysis was carriediow traditional Adam Retolt Kiln oven. Pyrolysenperatures were taken every
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20 minutes using a chromel alumel thermocoupld aotnpletion. Each sample was pyrolyzed in teneyand the masses were
taken before and at the end of each productiomgusisalsa balance and the production yields akailby using formula 1
(Naeemet al, 2014; Borist al, 2018).

B, (%) = (ﬁj x100 (1)
By
where B = yield of biochar (% on a mass basis),-Rweight of raw dry material (kg), and,B weight of biochar (kg).
4. Physical characterization of biochars
Three samples from a mixture of 10 pyrolysesauth type of biochar were analysed.

4.1 Particle size analysis

The shape and size of external biochar poresfisction of particle size and particle morpholdgim et al, 2017). Particle
size and particle morphology are often expresseteims of Uniformity Coefficient (UC) and have aymificant impact on
biochar’s ability to retain or eliminate contamibhdrom water. The particle size analysis was cdrioait following method
prescribed by NF P 94-054 (1991). The process statsiof weighing 200 g of the sample, sieving itaofControlab brand
electronic sieve with a battery of sieves rangimgrf 0.2 to 10 mm for 10 minutes and weighing the@dwee from each sieve. The
uniformity coefficient (UC) was determined by forla@:

uCs= (%j x100 @
10
where
Dgo = size (in mm) of screen opening where 60% ofrapda passes and 40% is retained
Do = size (in mm) of screen opening where 10% ofrapda passes and 90% is retained.

4.2 Biochar porosity
The biochar porosity® ) was determined using bulk and particle densitgag formula 3 (Borigt al, 2018).

® =1—(&j 3)
Ps

where p, = bulk density (g/c), and o, = particle density (g/ci

4.3 Bulk and particle densities

Density and porosity are fundamental physicapprties that control how biochar interacts withtevaThe bulk density 0, )
was determined according to NF X 31-503 (1992) iwdihg the difference between the mass of the ibtacfilled with the
sample and the mass of empty crucible with theiblels volume. Particle densityd,) was determined according to NF P 94-

054 (1991). The principle was to measure the volofrgrains excluding voids and to calculate thérbetween their weight and
their volume.

4.4 Water content

The water content was determined by the gravimetethod at 105 °C (Pauweds al., 1992). Five grams of wet sample in a
crucible and heated in a Carbolite Eurotherm fuenac 105 ° C for 5 hours. After cooling, water @mtwas calculated using
formula 4.

W% = (Mj %100 ()
m,

where my, = mass of the wet sample in grams (g) apd=rmass of dry sample in grams (g).
5. Chemical characterization of biochars

5.1 Determination of ash content, electrical contdity and pH(HO)
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Ash refers to the inorganic residue remainirtgradither ignition or complete oxidation of orgamnatter in biomass. The ash
content is a measure of the mineral content aner atlorganic matter in biomass (National Renew#rlergy Laboratory, 2008).
Biochar’s ash content can play a positive or negatble for the removal of heavy metals in watguateling on its dominant ions
(cations or anions). Ash content was determinedgusie dry incineration method (Pauwetsal., 1992). Five grams of sample
were placed in a crucible and heated in a CarbBli®therm furnace at 450 ° C for 5 hours. Afteolowy, the dried sample was
weighed. The ash content was calculated using flar&wu

9%Ash="2""T x100 (5)
m
where m = mass (g) after incineration (sample + crucibta),= mass (g) of the crucible and m = the originakség) of the
sample.
The electrical conductivity and the pH,(® were determined by the method described by Rajkeet al (2011).

5.2 Determination of total nitrogen

Total nitrogen content was determined accordoghe Kjeldahl method (Bremner, 1965). Organicagien was completely
mineralized with a mixture of concentrated sulfuaitid and hot salicylic acid. The mixture was desi off and the ammonia
generated was trapped by a solution of boric acttlater on titrated with a solution of sulfuria&¢0.01 N).

5.3 Organic Carbon (%)

Organic Carbon (%) was determined as descrilyeBduieret al (2009). The organic carbon of biochar was oxidiby a
solution of excess potassium dichromatgGKO-), in a sulfuric acid medium. The excess potasgiichromate not reduced by
organic carbon was then titrated with a solutioffesfous sulphate (FeQ@H,0) in the presence of diphenylamine which turns
from purple to green at the equivalence point. Toéabon was determined by the sum of organic cadoal graphitic carbon.
Nitrate was determined according to the Kjeldahthod (Bremner, 1965) by mixing 25 mL of sample wi#vada alloy followed
by distillation and lastly titration with 0.01 N,BO, solution. The nitrite content was then determinemnf nitrate by using
formula 6.

INO; | = 0.742x NG5 | 6)

5.4 Determination of chloride and phosphorus cotgen

Chloride content was determined by argentomadiitiation with silver nitrate in the presence daft@ssium chromate as an
indicator as described by CEAEQ (2015) after efingcthe sample with distilled water. The extrantiof phosphorus was
analogously to that described for chloride abovee @etermination of phosphorus in the filtrate Wase by molecular absorption
spectrophotometric method as described by Radiat (2009).

5.5 Determination of metals

Calcium, Magnesium, Potassium, Sodium, Mangankesad, Iron, Copper, Aluminum and Zinc were deiead by flame
atomic absorption spectrophotometry using the bRexkin-Elmer device, after mineralization of saespin the oven and their
solubilization with acid. The samples were crushed 10 g to 1/10 mg each was weighed and placexdh inven at 450 °C
followed by dissolution in hydrochloric acid (0.03#CI) and filtration of the solution. Calibratiomiwves were then plotted with a
range of different known concentrations for eachtainélrhe wave length of each element was read &ndoincentration was
calculated.

6. Statistical analysis

GenStat software was used for statistical aialyhich consisted of comparing the means by arsbfsvariance (ANOVA). In
cases of significant differences, the means wepars¢ed using the Smallest Significant Differernidee significance level for all
analysis was 1%.

7. Results and discussion

7.1 Identification of wood species

Following the survey results, four species wastected:Eucalyptus maideniMilicia excelsa Entandrophragma cylindricum
and Ocotea michelsonieThese were the four species commonly used (Fi@lrelrhus, generating the highest quantities of
sawdust in all the sawmills visited. From Figureall the sawmills (100%) use the above-mentionegtigs and only 25, 15, 14
and 13% of them use other woods sucllabernardia Sarreti, Strombosia Schefflera, Abi@ammiferaand Alstonia Boonni
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respectively. The choice for the high useEafcalyptus maideniMilicia excelsa Entandrophragma cylindricunand Ocotea
michelsonievas related to their high abundance and the higlitgwf timber resulting from these woods as fexdiby users.
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100% 100% 100% 100% 100% 100%
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WOOD SPECIES 1ISEDY
Figure 1. Percentages of wood species commonly used in Goma

7.2 Biochar production and yield
The parameters related to the production ofidoare summarized in Table 1

Table 1.Parameters related to biochar production

Unit | Eucalyptus| Milicia | Entandrophragma Ocotea
maideni excelsa | Cylindricum michelsonie
Temperature (T) | °C 524.28 519.67 529.11 522.67
Pyrolysis time(t) | H 3h30 3h30 3h30 3h30
Yield % | 314 34.3° | 333 36.6"

Whenever the values of the characteristics of ibehars carry at least two different letters, thsrsignificant difference between the averages.

All the biochars were obtained between 500 &M@ % after 3h 30 minutes (Table 1). This was ideorto optimize biochar's
porosity and ash content. Temperatures were madgratgh due to the thermal insulation of the fumaand the steady
maintenance of the fire during the process. Theqa® was thus a fast pyrolysis (Tripatlsikt 2016; Leeet al.,2017). The yield
values were 31.4% for EMB, 34.3% for MEB, 33.3% E®EB and 36.6% for OMB. The yield of EMB was siggeftly different
from that of MEB and OMB an@®cotea michelsonibad the highest yield. The differences could be wudifference in density
between the biochars (Boret al, 2018). Also, higher yield for OMB could be due & higher lignin content iit©cotea
michelsonievood as compared to others (Maga, 1986; Brawvel, 2014). The yields were similar to those found\igzi et al.
(2017) for two biochars produced at 300 ° C and @ut far below that reported by Latial (2017). This was due to pyrolysis
temperature which caused the loss of condensaltieriada and led to high ash content (Zagtal, 2017). Breweet al (2014)
equally reported decrease in biochar with incrapsiilmchar’s production temperature. @t al(2012) argued that decrease in
biochar yield with increasing pyrolysis temperataright be due to the destruction of chemical comstits, such as cellulose and
hemicelluloses, included in the biomass.

7.3 Characteristics of biochars
Results of all the analysed physical and chelnpeeameters are summarized in Table 2



20 Muhiwa et al. / International Journal of EngineeginScience and Technology, Vol. 13, No. 2, 20211 p124

Table 2 Physical and chemical properties of biochar fsmme selected wood species

Parameter E o o Entandrophragma Ocotea
Unit ucglyptus Maideni M.'“C'a excelsa cylindricum Michelsonie
Biochar(EMB) Biochar(MEB) Y .
Biochar(ECB) Biochar(OMB)
Physical properties
Bulk densityp,) g.cm® 0.19 0.18 0.16 0.17
Particle density) | g.cm® 0.32 0 .50 0.39" 0.47¢
Porosity() % 9f 93F 92 92
uniformity
Coefficient (UC) 3.2 39 4.3 36
Water content (W) % 6 g° 7" 4
Chemical properties
pH 7.3 7.40° 7.70° 7.90°
Electrical b a c
Conductivity (EC) 0,04 001 0,07 0,14
Ash content % 9.40 12.30° 16.8° 18.40°
Total Carbon % 54.30° 565.85" 54.80" 55.60°
(CTot)
%33”": Carbon % 39.65° 39.16 40.03° 32,72
(TTOIfl"’)" Nitrogen mg/kg 3786 .6 946.6 1437 3254
Chloride mg/kg 792 643° 703° 589°
Total Phosphorus mg/kg 256.7 280.3 260.9° 230.1°
Ammonium mg/kg 11.08 550 11.08 12.94
Nitrate mg/kg 12.2 9.92° 2.48° 7.44°
Nitrite mg/kg 9.20 7.41° 1.84° 5.529
Heavy metals
Aluminium mg/kg <0,01 <0,01 <0,01 <0,01
Arsenic mg/kg <0,01 <0,01 <0,01 <0,01
Copper mg/kg <0,01 <0,01 <0,01 <0,01
Iron mg/kg 642 504" 680° 594°
Nickel mg/kg <0,025 <0,025 <0,025 <0,025
Lead mg/kg <0,01 <0,01 <0,01 <0,01
Zinc mg/kg 3,2F 4,32 4,41 2,70°
Exchangeable Bases
Potassium Cmol/kg 2,99 6,860 7,508 3,80°
Calcium Cmol/kg 81,03 81,79 96 ,41° 108,87
Magnésium Cmol/kg 2,52 2,70° 1,52° 1,80°
Sodium Cmol/kg 0,52 0,48 0,44%" 0,56

Whenever the values of the characteristics of ibeHars carry at least two different letters, thersignificant difference between the averages.

7.3.1 Physical properties

Bulk density ranged from 0.16 to 0.19 gitmith EMB having the highest value without any sfigant difference, while
particle density ranged from 0.39 to 0.50 gowith MEB having the highest value, significantlsegter than those of EMB and
ECB (Table 2). These values are lower than thoperted in the literature by (Niagt al., 2017) and (Bori®t al, 2018) and
seemed to have been influenced by pyrolysis tenyrerand the type of wood material (Kaudahl, 2015).

All the biochars had very high porosities ramgivetween 92 and 94% with EMB having the highedtiezaNo significant
difference in porosity was observed between biijpr0.05). High porosity was due to high tempemteached during the
pyrolysis of biochars which led to the release offatile matter and thus, creating more pores [N&zil., 2017; Kaudakt al,
2015; NF EN 933-8, 2012). The high porosities ssygecreased capacity of biochar to absorb cedaimtaminants from water
implying that if the biochars obtained in this studre used as filter media, they will have bettaparity to hold water in
macropores as well as better capacity to grow lniafi the pores, which is important for water treent (Tomczylket al, 2020).

The uniformity coefficient of MEB (4.3%) was giter than 4 suggesting that this biochar had aspetad particle size without
the predominance of a particular fraction. Thos&6B, EMB and OMB were 3.9%, 3.2% and 3.6% respelti Their grain
sizes were poorly graded given that all the UC ealwere below 4 (Dalahmeh, 2016). These valuesianitar to those found by
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(Boris et al, 2018). Water content also differed from one barcto the other attributed to wood species (8%oM&B, 7% for
ECB, 6% for EMB and 4% for OMB).
7.3.2 Chemical properties

The ash contents (9.4% for MEB, 12.3% for EC88% for EMB and 18.40% for OMB) significantly diff from one biochar
to the other and were very low compared to othaentered in literature (Yargicogkt al, 2015; Zama al., 2017). This
proves a good characteristic of these biocharsitfypwater. These results are in accordance withdbservations of Ronseé
al.(2013) and Liet al(2017) who found that wood-based biochar partityllaas high surface area and lower ash compared to
other biochars, which might be due to the highepprtions of lignin, cellulose, and hemicellulosalie former than the latter.

pH ranged from 7.3 to 7.9 with OMB having thghest value and the biochars ranged from neutraietakly alkaline without
any significant difference. The values were similarthose of biochars produced at high temperattgperted by Rehrakt
al.(2017). pH values obtained in this study were Iywlependent on pyrolysis temperature. This is bseadiochar pH generally
increases with pyrolysis temperature as a resulefloss volatile organic compounds and an ineré@ashe basic cations in the
biochar (NF EN 933-8, 2012; Mohaat al, 2014). The obtained biochars are thus suitabtewfater treatment as high pH
promotes the deprotonation of functional groupstio@ surface of biochar. This creates negative &swatbat increase the
attraction between the absorbent surface and adgocations resulting in high adsorption capacdy $ome metals present in
water (Sabret al, 2019).

The values of electrical conductivities (0.07 f6EB, 0.01 for ECB, 0.04 for EMB and 0.14 for OMBJflect the amounts of
salts dissolved in the biochars. Electrical conites significantly differ between biochars arfiethighest value obtained for
OMB could be attributed to the large amount of iaglontained (Dalahmeh, 2016; Bodsal, 2018). Total carbon &) content
of all biochars was greater than 50%. The largegeage of carbon was attributed to pyrolysis teatpee due to organic matter
(cellulose, lignin) decomposition that led to tlenfiation of turbostratic and graphite carbons (N¥ #33-8, 2012). Organic
carbon (G,g ranged between 32.72 and 40.03% with ECB recgrttia highest value. The values were all below Sd¥gesting
the decomposition of organic matter due to pyrslysmperature. However, these values are all athateobtained in Eucalyptus
back under similar conditions by (Bogsal., 2018).

High total nitrogen (946.6-3786.6 mg/kg), Chitari(589-792 mg/kg), nitrate (2.48-12.40 mg/kg), ammm (5.50-12.94
mg/kg), and nitrite (1.84-9.20 mg/kg) were alsoaified in the biochars with EMB recording highedtiea (Table 2). High total
nitrogen found in this study could be due to thet fhat all nitrogen containing compounds wereawhpletely carbonized. These
results are in disagreement with the prediction{Tafmczyk et al, 2020) who stipulated that nitrogen is generédist during
pyrolysis, resulting to less than 6% nitrogen indhiars. Most heavy metals were below environmehtaishold values except
iron (504-680 mg/kg) with ECB having the highesiuea

The presence of exchangeable bases in the b®shah as potassium (2.99 Cmol/kg for EMB, 6.8®@o(kg for MEB, 7.5
Cmol/kg for ECB, and 3.8/kg for OMB), Calcium (82.€mol/kg for EMB, 81.71 Cmol/kg for MEB, 96.41 Citig for ECB,
and 108.41 Cmol // kg for OMB), Magnesium (2.52 Wk for EMB, 2.7 Cmol/kg for MEB, 1.52 Cmol/kg fd&CB, and 1.8
Cmol/kg for OMB), Sodium (0.58 Cmol/kg for EMB, @.4Cmol/kg for MEB, 0.48 Cmol/kg for ECB, and 0.56n@l/kg for
OMB) could be explained by the percentage of astiaioed in the biochars. This suggests that inamintith water containing
heavy metals these bases will be exchanged folather, thus increasing biochars capacities infping the water. However,
except calcium, the concentrations of the otheebagere low due to the fact that they are temperatapendent, thus decreasing
with increasing temperature (Mukherjeteal, 2011).

8. Conclusion

This research valorizes biomass generated froodwnill in the city of Goma which for the produnti of biochar which may
serve as a potential water purifier thus, mitigaugmvironmental pollution as well as providing sirshble portable water supply
to households in Goma. Four wood specieac@lyptus maideniMilicia excelsa Entandrophragma cylindricunand Ocotea
michelsoni¢ are commonly used in Goma. The yield values \8dt8% for MEB, 33.3% for ECB, 31.4% for EMB and &% for
OMB. The values were slightly different from eadher with Ocotea michelsonibaving the highest yield. The high porosity of
the biochars gives them a good capacity to absomnbaminants from water. In addition, the abilityreamove pollutants in water
by biochar from wood could be attributed to its rauteristics such as high porosity, large area, lpgh ash content, and
alkalinity. Results obtained may help to deterntime appropriate conditions to have a good effigremicremoving contaminants
from water using biochars obtained from wood sawduthe city of Goma
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