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In THIs CHApTer you wIll leArn:

•	 	The	quality	indicators	and	attributes	of	biochar.

•	 	The	four	constituents	that	characterize	biochar,	and	the	importance	of	each.

•	 	How	these	four	constituents	are	measured,	with	useful	at-home	tests	and	
consumer	tips.

“Each biochar can and should be tested prior to addition to the soil.”
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InTroDuCTIon

“Biochar”	 is	 a	 somewhat	 ambiguous	 term	 that	 is	 applied	 to	 a	 broad	 range	 of	
charcoal	 end-products	 intended	 for	 addition	 to	 soils.	 Those	 products	 are	
generated	by	various	raw	materials	and	conversion	processes,	resulting	in	differing	
characteristics	that	may	affect	their	performance	in	their	intended	application.	
This	 chapter	 offers	 a	 simple	 scheme	 for	 characterizing	 specific	 biochars	 before	
adding	them	to	soils.	It	will	detail	those	characteristics	and	the	logic	behind	them,	
how	to	test	for	each	characteristic,	and	the	limitations	of	each	test.	

QuAlITy InDICATors oF BIoCHAr 

Biochar	 quality	 indicators	 fall	 into	 three	 general	 categories:	 physical	 attributes,	
constituent	attributes,	and	soil-relevant	attributes	(see	Figure	8.1).	These	categories,	
and	the	quality	indicators	in	each,	are	discussed	in	greater	detail	below.	

Fig.	8.1		Attributes	of	Char
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pHysICAl ATTrIBuTes – THe “Feel” oF BIoCHAr

Properly	 carbonized	 wood	 intended	 for	 use	 as	 biochar	 is	 very	 different	 from	
the	 cinders	 left	 behind	when	 a	 campfire	 goes	 out.	Open	 air	 campfires	 burn	 in	
an	 uncontrolled,	 non-uniform	 environment.	 As	 a	 result,	 the	 leftover	material	 is	
likely	to	be	a	mixture	of	unconverted	material	(torrified wood),	and	material	fully	
converted	to	ash,	as	well	as	some	charcoal.
Properly	carbonized	wood:

•	 	Is	a	surprisingly	light,	rigid,	but	friable	(easily	crushed)	material.

•	 	Is	uniform	and	fine-grained	without	pockets	of	under-carbonized		
(unburned)	material.	

•	 	Is	not	greasy	to	the	touch.		

•	 	Produces	abundant	black	powder	that	will	wash	off	with	plain	water.

If	soap	is	needed	to	remove	char’s	black	powder	from	the	skin,	the	char	contains	
substantial	mobile	matter.	The	significance	of	mobile	matter	when	applying	biochar	
to	soils	is	discussed	later.

CHArACTerIZInG CHAr: THe Four ConsTITuenTs

The	four	essential	constituents	that	characterize	biochar	are	moisture,	ash,	mobile	
matter,	and	resident	matter.
Moisture	 refers	 to	 the	 water	 content	 of	
the	 biochar,	 and	 as	 measured	 may	 include	
some	highly	volatile	organic	compounds	that	
evaporate	along	with	the	water.		

Ash	 refers	 to	 the	 portion	 of	 moisture-free	
biochar	that	is	not	organic.	

Mobile	matter	(also	known	as	labile	matter)	is	
the	organic	portion	of	moisture-free	biochar	
that	can	migrate	 into	the	soil	and	become	a	
source	of	food	for	soil	microbes.	

Resident matter	 (also	 known	 as	 recalcitrant	
matter)	 is	the	organic	portion	of	moisture-free	
biochar	that	is	expected	to	remain	stable	in	the	
soil	for	a	very	long	time.

CONSUMER TIP 8.1   

Measure for Moisture and Ash

Moisture	 and	 ash	 are	 found	
in	 every	 bag	 of	 biochar,	 yet	
add	 little	 value	 to	 the	 long-
term	 performance	 of	 biochar	
in	the	soil.	These	components	
are	fairly	easy	to	measure,	and	
any	 candidate	 char	 should	
be	 tested	 for	 both	 before	
purchase	or	application	to	soil.	
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Each	biochar	constituent	can	be	further	subdivided.	First,	this	chapter	explores	the	
significance	of	each	constituent,	how	it	is	measured,	and	what	the	measurement	
represents.	The	chapter	 then	addresses	other	considerations	 related	 to	applying	
biochar	to	soils.			

Throughout	 the	chapter,	 look	for	“@HOME	BIOCHAR”	text	boxes	containing	
instructions	 for	biochar	assessments	you	can	do	at	home.	Remember	 to	always	
follow	the	safety	precautions	given,	and	protect	yourself	from	the	hot	materials	
and	noxious	vapors	that	may	be	produced	by	some	of	the	procedures.

MoistuRe
The	amount	of	water	present	in	biochar	can	vary	greatly,	depending	on	how	the	
biochar	 is	 produced	 and	 whether	 it	 has	 accumulated	 moisture	 during	 storage	
or	shipping.	 In	order	to	assess	and	compare	properties	of	various	biochars	on	a	
uniform	“dry basis”,	it	is	necessary	to	determine	how	much	of	the	biochar	is	not	
water.

The	moisture	content	is	measured	by	weighing	a	sample	before	and	after	drying	
in	an	oven	at	a	specified	temperature	just	above	the	boiling	point	of	water.	The	
“moisture”	measurement	may	include	not	only	water	content	but	also	other	low-
boiling	organic	solvents.	

For	most	 biochars,	 only	water	 vapor	 is	
driven	 off	 when	 drying	 at	 low	 tempera-
tures	 (below	 105°C).	 However,	 some	 bio-
chars	will	release	lesser	amounts	of	organic	
vapors,	typically	methanol	and	acetic	acid.	
These	 are	 easy	 to	 detect	 by	 their	 odor:	
Methanol,	which	 is	 an	 ingredient	 in	 paint	
and	varnish	removers,	has	a	slightly	alcohol-
ic	odor	when	pure	and	a	repulsive,	pungent	
odor	in	its	crude	form.	Acetic	acid	is	what	
gives	 vinegar	 its	 sour	 taste	 and	 pungent	
smell.	

A	convenient	standard	of	“moisture-free	
biochar”	 can	 be	 determined	 by	 drying	 a	
sample	at	105°C	until	a	constant	weight	is	
reached	 (that	 is,	 no	 further	weight	 is	 lost	
when	drying	is	continued).	This	is	typically	
done	 overnight	 in	 a	 drying	 oven	with	 in-
ternal	 forced	 convection.	 (For	 an	easy,	 at-
home	way	 to	measure	 the	moisture	 con-
tent	of	a	biochar	sample,	see	the	text	box	
labeled	 “@Home	 Biochar/An	 Easy	Way	 to	
Measure	Moisture.”)

CONSUMER TIP 8.2

Don’t Buy the Water!
Many	 biochars	 are	 highly	
hygroscopic	 (or	 hydrophilic)	 and	
will	 take	 up	 significant	moisture	
if	 exposed	 to	 humid	 air—an	
important	property	in	the	soil.	

If	 you’re	 using	 homemade	
chars,	 no	 problem;	 the	 extra	
water	 won’t	 harm	 the	 ultimate	
performance	of	the	biochar.	

The	 real	 concern	 here	 is	
commercially	 produced	 chars.	
Generally,	they	have	less	than	5%	
and	not	more	than	10%	residual	
moisture.	If	higher,	you’ve	bought	
“char	 with	 water	 added”—and	
paid	for	the	water!	

The	 lesson	 for	 consumers:	
water	should	not	be	a	significant	
component	 of	 commercial	 char	
sold	by	weight	or	shipped	a	long	
distance.
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@HOME BIOCHAR 

An easy Way to Measure Moisture 
Moisture	is	relatively	easy	to	measure,	but	requires	patience—especially	if	you’re	
drying	wet	biochar	or	larger	quantities	you	plan	to	test	later	for	other	properties.	

What You’ll Need:

•	 	A	simple	toaster	oven	(not	a	microwave	oven).

•	 	A	thermocouple	(or	standard	oven	thermometer	suitable	for	use	inside	the	
toaster	oven).	Don’t	rely	on	the	thermostat	of	an	inexpensive	toaster	oven.

•	 	An	inexpensive	scale,	accurate	to	0.01	grams.	(Scales	that	read	to	0.01	grams	
up	to	200	grams	are	available	online	at	prices	below	US$20.)	Alternatively,	
you	can	use	a	kitchen	scale	for	a	larger	sample	of	char	(which	will	also	
require	a	longer	drying	time).

•	 	A	piece	of	aluminum	foil,	perforated	to	let	excess	moisture	escape	and	allow	
vapor	to	circulate.

What to Do:

1.	 Weigh	the	biochar	sample.

2.	 Put	the	sample	in	a	drying	dish	or	in	small	tin	can	with	open	top	and	
perforations	in	the	bottom	for	airflow.	Don’t	seal	the	vessel.

3.	 	Place	the	perforated	aluminum	foil	over	the	top	of	the	biochar	vessel	to	
shield	the	sample	from	direct	radiant	heat	of	the	toaster	oven	heating	
element(s).

4.	 Insert	the	thermocouple	(or	oven	thermometer)	into	the	center	of	the	biochar	
sample	to	measure	its	internal	temperature.	

5.	 	Heat	the	sample	until	its	interior	target	temperature	is	reached,	which	is	
usually	100–105°C	for	determining	moisture	content.	
Note:	Because	of	the	cooling	effect	of	evaporating	moisture,	make	sure	that	
the	interior	of	the	biochar	itself	has	reached	the	requisite	temperature	and	is	
not	less	than	100°C.	This	is	especially	important	for	larger	samples.

6.	 Weigh	the	sample	again.

7.	 Calculate	the	percentage	difference:	this	is	the	moisture	content.

It	takes	a	bit	of	practice	to	achieve	consistency	and	reproducibility	with	this	
technique,	but	after	half	a	dozen	tries,	you’ll	be	a	seasoned	moisture	content	
analyst!
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However,	drying	at	105°C	removes	only	part	of	the	actual	moisture	contained	in	
a	biochar	sample.	Most	biochars	are	hygroscopic	(also	known	as	hydrophilic)—
they	readily	attract	and	hold	large	amounts	of	moisture	from	the	environment,	and	
this	moisture	is	released	and	evaporated	at	temperatures	at	or	above	100°C.

Water	 may	 also	 be	 adsorbed	 to	 the	 large	 internal	 surfaces	 areas	 inherent	
in	 biochar	 (discussed	 below),	 or	 held	 in	more	 tightly	 bound	 forms	 as	water	 of	
hydration	within	the	ash	present	in	the	biochar	or	as	water	molecules	associated	
with	the	organic	portions	of	the	biochar.	

Fig.	8.2	 Weight	Loss	Curves	for	Seven	Chars

Source:	“All	Biochars	are	Not	Created	Equal,	and	How	to	Tell	Them	Apart.”		Hugh	McLaughlin,	PhD,	PE,	
Paul	S.	Anderson,	PhD,	Frank	E.	Shields	and	Thomas	B.	Reed,	PhD.	Version	2	(October	2009),	supersed-
ing	the	original	version	issued	at	the	North	American	Biochar	Conference,	Boulder,	CO	(August	2009).

Figure	8.2	shows	the	weight	losses	as	measured	for	seven	biochars	when	heated	
from	below	100°C	 to	300°C.	A	 temperature	of	200°C	 falls	on	a	 stable	weight	
plateau,	where	most	of	the	water	and	other	volatiles	have	been	removed	but	before	
the	char	begins	to	lose	mass	due	to	further	carbonization	at	higher	temperatures.	
Thus,	 drying	 at	 a	 temperature	 of	 200°C	 conditions	 the	 biochar	 by	desorbing	
volatile	substances,	including	water	vapor,	which	have	been	adsorbed	in	the	pores	
of	the	biochar.	If	these	volatiles	are	not	desorbed,	they	would	interfere	with	the	
subsequent	measurement	of	adsorption	capacity	(discussed	later).	The	biochar,	as	
conditioned,	 is	 technically	 “desorbed,”	 but	 is	 usually	 referred	 to	 as	 “oven	 dry”	
biochar	in	order	to	distinguish	it	from	“moisture-free”	biochar.		

An	at-home	process	for	getting	biochar	“oven	dry”	is	provided	in	the	textbox	
labeled	“@Home	Biochar/Drying	Process	for	‘Oven	Dry’	Biochar.”
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@HOME BIOCHAR 

Drying Process for “oven Dry” Biochar  
Here	 is	 the	 recommended	 process	 for	 drying	 biochars	 to	 remove	 additional	
moisture	and	to	subsequently	measure	adsorption	capacity:

What You’ll Need: 
The	same	equipment	used	for	“An	Easy	Way	to	Measure	Moisture.”
	
What to Do:

1.	 	Set	the	oven	for	the	target	drying	temperature	plus	25°C.	(This	is	the	
maximum	internal	temperature	referred	to	below.)	

2.	 Turn	the	oven	off	when	the	biochar’s	internal	temperature	reaches	the	target	
temperature.	

3.	 	Keep	the	biochar	in	the	drying	oven	until	the	maximum	internal	temperature	
is	measured	and	noted.	
Important note:	If	the	biochar’s	internal	temperature	exceeds	the	oven	
temperature,	the	biochar	has	begun	oxidizing,	which	will	lead	to	invalid	
results;	the	drying	study	should	be	repeated	at	a	lower	oven	temperature.	

4.	 Cool	the	biochar	in	the	drying	oven	or	a	sealed	container	to	inhibit	
adsorption	of	moisture	from	the	surrounding	air.

safety tip: Ventilation!
Because	some	biochars,	when	heated	to	 internal	 temperatures	above	150°C,	
may	emit	significant	volatiles,	and	even	generate	smoke,	drying	should	be	done	
either	under	a	 laboratory	hood	or	 in	a	well-ventilated	area,	 such	as	an	open	
garage	or	outdoors.

When	heated	to	above	150°C,	some	biochars	may	exhibit	incremental	carbonization,	
emit	significant	volatiles	(flammable	gases),	and	even	generate	smoke.	These	are	
indicators	that	the	biochar	is	not	fully	carbonized	or	that	it	contains	torrefied	wood.	
Biochars	 containing	 significant	 portions	 of	 torrefied	 wood	 are	 likely	 to	 behave	
differently	and	possibly	less	beneficially	in	soil	than	fully	carbonized	biochars.	Soil	
and	plant	scientists	are	researching	this	subject	further.	
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Ash
Once	a	biochar	sample	is	moisture-free	or	oven-dry,	the	next	category	of	interest	is	
ash:	that	is,	the	fraction	of	the	moisture-free	biochar	that	is	not	organic.	Depending	
on	 its	nature	and	amount,	 the	ash	portion	of	any	biochar	may	be	considered	a	
beneficial	component	or	a	detriment.	In	any	event,	low	ash	numbers	are	desirable	
in	a	biochar—and	therefore	it	is	in	the	interest	of	the	char	producer	or	purchaser	
to	measure	it	correctly.
	
Measuring Ash 
Ash	content	 is	measured	by	grinding	a	dry	biochar	sample	 (either	moisture-free	
or	oven-dry)	to	a	coarse	powder	and	placing	it	into	an	open-top	ashing	crucible.	
Next,	the	sample	is	heated	in	a	muffle	furnace,	open	to	air,	at	a	temperature	of	
500–550°C,	 for	 at	 least	 30	minutes.	 (Depending	 on	 the	 sample,	 ashing—even	
for	finely	powdered	samples—can	take	much	longer.)	Heating	continues	until	the	
sample	becomes	a	pale	gray	to	white	powder	with	no	black	particles.	The	ratio	of	
the	ash	weight	to	the	original	dry	sample	weight	provides	the	ash	fraction	on	a	dry	
basis	(either	moisture-free	or	oven-dry,	depending	on	the	sample’s	starting	point).

A	completed	ashing	process	will	burn	off	all	organic	material,	 leaving	behind	
inorganic	ash.	Black	powder	 in	an	ashed	sample	 indicates	residual	carbon—and	
the	presence	of	uncombusted	organic	material.	 If	 this	 is	 observed,	 the	 samples	
should	be	stirred	and	re-ashed.	Because	ashing	yields	a	very	stable	material,	erring	
on	the	side	of	extra	 time	at	 furnace	temperature,	under	controlled	temperature	
limits,	will	have	no	detrimental	effect	on	the	ash	content	of	the	biochar	sample.

Ash Levels and Implications 
Most	 chars	 made	 from	 clean	 wood	 yield	 less	 than	 5%	 ash	 by	 weight,	 while	
agricultural	residues,	such	as	corn	stover,	may	yield	significantly	higher	levels.	If	the	
original	feedstock	material	(that	 is,	the	original	 living	or	formerly	 living	material	
[biomass]	to	be	made	into	char)	is	new,	clean	wood	or	agricultural	residues,	there	is	
generally	little	worry	about	ash	level	or	composition.	However,	whenever	the	origin	
of	 the	biomass	 is	unknown,	or	 the	ash	 levels	are	 significantly	higher	 than	10%	
by	weight,	 it	may	be	worth	testing	the	ash	for	soil	pH	impact	and	the	presence	
of	metals.	The	pH,	which	will	indicate	how	much	the	ash	will	act	like	lime	in	the	
soil,	 can	 be	 easily	measured	by	 using	 pH	 test	 paper.	 For	 acidic	 soils,	 additional	
alkalinity	is	welcome,	but	for	high	pH	soils,	additional	liming	may	lead	to	poor	crop	
performance.	

Testing	for	metals	should	be	conducted	by	a	qualified	laboratory,	which	can	also	
help	interpret	the	analytical	results.	Not	all	metals	in	the	ash	are	bad,	but	all	metals	
in	the	ash	need	to	be	understood	as	to	their	fate	and	role	in	the	soil.
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@HOME BIOCHAR
	
Measuring Ash 
Like	moisture,	ash	is	fairly	easy	to	measure	at	home.	

What You’ll Need:

•	 	The	same	scale	you	used	to	measure	moisture,	with	accuracy	to	0.01	grams.	

•	 	A	propane-fueled	camping	stove.

•	 	A	clean,	dry,	open-top	tuna	fish	or	cat	food	tin	can	(not	aluminum).	

•	 	A	sample	of	finely	crushed	or	powdered,	dried	biochar.

What to Do:

1.	 	Heat	the	empty	can	to	burn	off	any	coatings	from	the	manufacturing	
process.	

2.	 Weigh	the	container	after	it	cools,	and	record.		

3.	 Spread	a	½-centimeter	(or	¼-inch)	layer	of	dried	char	over	the	bottom	of	the	
can	and	note	the	container’s	new	weight.	

4.	 Record	the	difference;	this	is	the	weight	of	the	dry	biochar.

5.	 	Heat	the	open	tin	can	on	the	camping	stove	over	an	open	flame	that	
uniformly	heats	the	entire	bottom	of	the	container.	

6.	 Stir	the	contents	periodically	and	uniformly	to	facilitate	ashing,	but	take	care	
not	to	knock	or	blow	away	any	of	the	ash.	
Important note:	Don’t	let	the	contents	of	the	tin	can	catch	fire	and	burn	
with	an	open	flame.	That	will	carry	ash	away	as	particulates	in	smoke	
emissions.

7.	 	Continue	this	process	until	the	tin	can	contains	only	gray	to	white	ash	
residue.		

8.	 Weigh	the	cooled	can	including	the	ash	therein.

9.	 	Remove	all	ash	and	weigh	the	empty	can.	

10.	 	Record	the	difference;	this	is	the	weight	of	the	ash.	

11.	 	Record	the	ratio	of	ash	to	dry	biochar	weights,	using	the	values		
recorded	in	Steps	4	and	10.		

Voila!	You’ve	calculated	the	percent	of	ash	on	a	dry	char	basis.
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MoBile MAtteR
Moisture-free	biochars	still	contain	organic	matter	that	will	not	remain	permanently	
as	beneficial	carbon	agents	in	the	soil.	This	material	is	“mobile”	(sometimes	also	
referred	as	“labile”)	because	it	can	leave	the	biochar	by	leaching	into	the	soil	or	
being	ingested	by	soil	microbes,	yet	its	carbon	is	not	likely	to	be	released	as	a	gas	
component.	The	term	“mobile	matter”	is	the	analogue	of	“volatile	matter,”	a	term	
derived	from	proximate analysis	(a	standard	test	used	in	coal	science),	and	which	
refers	to	matter	that	becomes	gaseous	when	heated	to	950°C.	Proximate	analysis	
has	been	adapted	to	analyzing	biochars.	However,	for	biochar,	the	term	“mobile	
matter”	 is	 more	 descriptive,	 and	 thus	 more	 suitable.	 (For	 more	 discussion	 of	
modifying	proximate	analysis	to	make	it	more	suitable	for	characterizing	biochars,	
see:	“All	Biochars	are	Not	Created	Equal,”	available	online	at	http://www.biochar-
international.org/node/1029.)	

Measuring Mobile Matter
In	order	to	more	accurately	partition	the	organic	portion	of	a	particular	biochar	into	
mobile	matter	and	soil-stable	resident	matter—and	recognizing	that	biochar	is	a	
soil	amendment	rather	than	fuel—the	proximate	analysis	temperature	is	lowered	
from	950°C	(the	temperature	for	testing	coal)	to	450°C.	

A	bone-dry	biochar	sample	is	placed	into	a	proximate	analysis	crucible	(that	is,	
a	 self-sealing	 ceramic	 crucible).	this test must exclude air in order to avoid 
oxidizing the remaining resident matter.	Next,	the	biochar	is	heated	in	an	oven	
at	450°C	for	30	minutes.	This	process	will	drive	off	mobile	matter	in	the	biochar,	
leaving	behind	the	ash	and	resident	matter	constituents.	

ResiDeNt MAtteR
Resident	matter	 is	 the	portion	of	organic	matter	 in	biochar	 that	 is	 expected	 to	
remain	 stable	 in	 the	 soil	 for	a	 very	 long	 time.	 It	 is	 the	portion	of	moisture-free	
biochar	that	is	neither	mobile	matter	nor	ash.		

Conceptually,	 resident	 matter	 (or	 recalcitrant	 matter)	 is	 analogous	 to	 “fixed	
matter,”	another	term	used	in	coal	science	(proximate	analysis).

Analytical Sequence for Determining Resident Matter
Determining	resident	matter	is	an	analytical	sequence,	building	on	the	processes	
already	described.

1.	 	Dry	a	biochar	sample	to	175°C	to	200°C,	creating	at	least	25	grams	of	moisture-
free	biochar,	and	divide	it	into	two	smaller	weighed	parts.

2.	 Ash	one	part	at	500–550°C	in	air	(see	“Measuring	Ash”	above).	

3.	 	Heat	the	other	part,	air-free,	to	450°C,	which	will	remove	the	mobile	matter;	
the	residue	can	be	saved	to	measure	resident	carbon,	as	described	below.	

4.	 Calculate	the	resident	matter	portion	by	subtracting	the	ash	and	mobile	matter	
fractions	from	the	moisture-free	biochar	fraction.
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This	 analytical	 sequence	 parallels	 the	 AstM	 D-1762	 procedure	 for	 Chemical 
Analysis of Wood Charcoal	(an	industry-accepted	standard	test),	except	that	the	
temperature	ranges	have	been	modified.	Because	biochar	is	destined	for	soil	and	
not	for	use	as	a	fuel,	the	drying	temperature	has	been	raised	to	175°C	to	200°C,	
and	the	ashing	and	mobile-volatile	matter	 temperatures	have	been	 lowered.	As	
biochar	science	evolves	over	time,	the	relative	merits	of	these	modified	analytical	
procedures	will	be	established,	and	appropriate	adjustments	will	be	made.

Measuring Resident Carbon
Not	 all	 the	material	 in	 the	 resident	matter	 is	 carbon.	 As	 well	 as	 ash	 (which	 is	
measured	and	subtracted),	various	amounts	of	other	elements	will	remain	in	the	
sample,	such	as	nitrogen,	hydrogen,	oxygen,	phosphorus,	and	sulfur.	For	typical	
biochars	 created	 from	 clean	 wood	 and	 grass	 biomass	 by	 slow pyrolysis,	 the	
carbon	fraction	is	typically	in	the	60–90%	range.		

Resident	carbon	can	be	measured	
by	performing	a	chemical	analysis	on	
a	portion	of	the	residue	left	from	the	
mobile	matter	analysis.	This	gives	a	
basis	 for	 estimating	 the	 carbon-	
or	 carbon	 dioxide-sequestering	
potential	of	that	biochar	in	the	soil:	
each	weight	unit	of	pure	 carbon	 is	
equivalent	 to	3.67	 times	 that	 same	
weight	 unit	 of	 carbon	 dioxide	 that	
could	be	kept	out	of	the	atmosphere	
and	safely	and	stably	sequestered	in	
the	char.

Mobile Matter vs. Resident Matter
As	 mentioned	 above,	 one	 potential	 impact	 of	
mobile	 matter,	 when	 leached	 from	 biochar,	 is	 its	
interaction	 with	 soil	 microbes.	 Depending	 on	 the	
soil	and	crops,	additional	soluble	soil	carbon	may	be	
good	(by	promoting	microbial	activity	in	the	soil)	or	
may	have	drawbacks	 (such	as	stimulating	microbial	
competition	for	available	soil	nitrogen).	 In	addition,	
mobile	 matter	 is	 not	 stable	 and	 will	 likely	 not	 be	
present	as	a	beneficial	carbon	agent	in	the	soil	after	
one—or	perhaps	a	few—growing	seasons.	For	these	
reasons,	mobile	matter	 is	 likely	of	 lower	 value	 in	a	
biochar	than	an	equivalent	weight	of	resident	matter.

CARBON DIOXIDE IS NEARLY FOUR 
TIMES HEAVIER THAN CARBON

Carbon	dioxide	is	3.67	times	heavier	than	
atomic	carbon:	
Atomic	weight	of	C	=12	
Atomic	weight	of	O	=16	
Molecular	weight	of	CO2	=	44	
	 	 (=	12	+16+16)
The	 average	 annual	 emission	 per	 person	
in	 Australia	 and	 the	 United	 States	 from	
burning	 fossil	 fuel	 is	 over	 5	 tons	 of	 C,	
which	translate	into	19	tons	of	CO2.

CONSUMER TIP 8.3

Because	 mobile	 matter	
can	leave	a	biochar	after	
one	or	two	growing	sea-
sons,	 resident	 matter	 is	
likely	the	more	important	
biochar	 component	 to	
consider	 when	 purchas-
ing	biochar.		
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soIl-releVAnT ATTrIBuTes

The	 above	 tests	 break	 a	 biochar	 into	 its	 constituents	 and	 provide	 insight	 into	
its	make-up.	 But	 this	 does	 not	 end	 the	 story.	Other	 specific	 biochar	 properties	
are	believed	pivotal	for	assessing	how	a	particular	biochar	will	 impact	the	soil—
specifically,	levels	of	ph	and	total dissolved solids	(TDS),	and	cation exchange 
capacity	(CEC)	and	adsorption	capacity.

These	important	properties	will	now	be	discussed	in	greater	detail.	

BioChAR tDs AND Ph
Two	 tests—for	 total	 dissolved	 solids	 (TDS)	 and	 for	 pH—can	 predict	 the	 short-
term	impact	of	adding	a	particular	biochar	to	a	particular	soil.	TDS	and	pH	gauge	
two	different	properties.	TDS	measures	the	total	dissolved	salt	content	in	water,	
including	fertilizers	and	neutral	salts	that	are	in	solution.	TDS	in	soil	is	not	necessarily	
a	 bad	 thing,	 but	 too	much	 salt	 (excessive	 TDS)	 has	 an	 adverse	 effect	 on	most	
plants.	This	is	a	significant	concern	with	biochars	made	from	materials	containing	
manure,	such	as	chicken	litter.	

Excessive	 TDS	 is	 also	 a	 concern	 for	 biochars	 with	 significant	 ash	 content.	
Dissolvable	soil	salts	migrate	into	the	soil	water,	and	in	the	biochar	are	measured	
as	ash.	Since	these	salts	can	leach	into	the	biochar-amended	soil,	high-ash	biochars	
have	a	much	greater	likelihood	of	elevating	TDS	in	the	soil.	(See	text	box	labeled	
“Technical	Aside/Total	Dissolved	Solids	(TDS).”)	

TECHNICAL ASIDE
total Dissolved solids (tDs)

Total	 Dissolved	 Solids	 (TDS),	 the	 most	 common	 indicator	 of	 water	 quality,	 is	 a	
measure	of	the	combined	content	of	all	substances	dissolved	in	water	that	remain	
after	the	water	is	evaporated.	TDS	is	proportional	to	electrical	conductivity	of	water.	

The	lower	the	TDS/conductivity	level,	the	purer	the	water.	

Handheld	TDS	meters	can	test	 for	TDS	easily	and	 inexpensively.	However,	TDS	
meters	 are	 actually	 conductivity	 meters	 and	 detect	 only	 mobile	 charged	 ions.	
Therefore,	the	term	“total	dissolved	solids”	is	somewhat	misleading	when	applied	
to	 these	 meters:	 “total	 charged	 ions”	 more	 accurately	 describes	 what’s	 being	
measured.	

Ultimately,	the	lower	the	total	charged	ions,	the	purer—the	more	de-ionized—
the	water.

Sources:	Randy	Holmes-Farley,	“What	is	TDS?”	Reefkeeping.	http://reefkeeping.com/
issues/2004-04/rhf/feature/index.php.	“Water	Quality	101,”	Water Quality Products 13,	no.	1	
(January	2008)	http://www.wqpmag.com/Water-Testing-101-TDS-article8837.	
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Soil	pH	is	much	more	critical,	especially	if	the	added	biochar	pushes	the	pH	in	an	
unfavorable	direction,	either	too	high	or	too	low.	Many	biochars	have	a	significant	
“liming”	effect	and	can	elevate	soil	pH.	For	many	soils	this	 is	a	good	thing,	but	
alkaline	soils	may	not	tolerate	additional	lime	loading.

Testing Biochar for pH and TDS 
Levels	of	pH	and	TDS	can	be	measured	using	inexpensive	handheld	meters	on	a	
sample	created	by	mixing	a	portion	of	pure	biochar	with	neutral	pH	water	that	has	
low	conductivity.	 Ideally,	distilled	de-ionized	water	is	used,	but	de-ionized	water	
may	be	hard	 to	obtain	outside	a	 research	 laboratory.	 Fortunately,	many	bottled	
waters	are	acceptably	pure.	The	measurement	process	 is	straightforward,	and	 is	
described	in	the	textbox	labeled	“@Home	Biochar/Testing	pH	and	TDS.”

@HOME BIOCHAR
testing ph and tDs 

What You’ll Need:

•	 	A	source	of	de-ionized	water.

•	 	Generally,	bottled	water	can	be	used.	That’s	because	bottled	water	is	
basically	purified	tap	water	with	small	amounts	of	salts	added	for	“flavor.”	
One	brand	in	particular	–Aquafina®–is	especially	suitable	because	it’s	
essentially	bottled	de-ionized	water.

•	 	pH	paper	or	a	pH	meter.

•	 	Conductivity	or	TDS	meter.	Inexpensive	handheld	meters	are	readily	available	
in	the	range	US$20–$30.

What to Do:

•	 	Measure	the	starting	pH	and	TDS	of	the	water.

•	 	Create	a	slurry	by	mixing	1	part	pure	biochar	for	10	parts	water	by	weight.

•	 	Depending	on	the	density	of	the	biochar,	the	biochar	may	take	some	time	to	
become	wet	and	release	entrapped	air.

•	 	Mix	or	shake	the	slurry,	and	allow	it	to	settle	for	10	minutes.	
Note:	If	the	mixing	and	settling	cycle	is	too	short,	floating	biochar	may	
influence	the	TDS	measurement.

•	 Measure	the	pH	and	TDS.
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If	the	initial	measurement	reflects	extremely	high	TDS,	dilutions	should	be	made	
to	estimate	the	calculated	undiluted	TDS	level	being	created	in	the	soil	water.	The	
actual	TDS	level	in	the	soil	is	what	matters	to	the	plant,	not	the	range	on	the	TDS	
meter.	So,	do	the	dilutions,	multiply	the	measured	TDS	by	the	dilution	factor	to	
predict	 the	undiluted	 TDS	 in	 the	 soil,	 and	make	 sure	 the	plant	will	 be	 in	 a	 soil	
environment	that	enables	it	to	thrive.	

Many	biochars	are	difficult	to	wet	for	a	number	of	reasons.	The	biochar	may	
have	(a)	elevated	levels	of	condensed	hydrophobic	oils	and	tars,	(b)	a	significant	
fraction	 of	 torrefied	wood,	 or	 (c)	 a	 significant	 fraction	 of	micropores,	 requiring	
water	vapor	to	migrate	into	and	condense	in	the	pores	to	“wet	them	out.”	

The	 first	 two	 conditions	 do	 not	 provide	 the	 long-lasting	 benefits	 associated	
with	biochar,	although	they	may	provide	short-term	benefit.	Hydrophobic	oils	and	
tars	are	dissolved	from	the	biochar	by	soil	water,	providing	extra	food	for	microbe	
proliferation.	Once	the	microbes	consume	the	tars,	they	die	back	and	nothing	of	
lasting	benefit	to	the	soil	or	the	plants	has	been	accomplished.	Torrefied	wood	is	
not	biochar,	and	likely	breaks	down	in	the	soil	over	time.

@HOME BIOCHAR

An easy Way to Accelerate “Wetting” 
A	simple	method	of	accelerated	biochar	“wetting”	borrows	from	home	canning.

What You’ll Need:

•	 	A	pint	canning	jar,	with	lid.

•	 	A	saucepan	with	lid	large	enough	to	enclose	the	entire	jar,	filled	with	a	
shallow	depth	of	water	(sufficient	to	surround	the	jar	in	steam).

What to Do:

•	 	Make	a	slurry	of	10%	(by	weight)	dry	biochar	and	water	(using	de-ionized	
water)	and	put	it	in	the	canning	jar.

•	 	Put	the	jar,	with	the	lid	on	loosely,	into	the	saucepan.

•	 	Heat	the	water,	bringing	it	to	a	boil.

•	 	Cover	the	pan.

•	 	Boil	for	30	minutes.

•	 	Remove	from	heat	and	cool.	

What to look For:
Upon	cooling,	the	microporous	biochars	will	sink	and	the	less	desirable	hydrophobic	
biochars	will	continue	to	float,	giving	you	a	visual	and	measurable	partitioning	of	the	
biochar	components.	Now	you	can	measure	the	TDS	and	pH	of	the	wetted	biochar	
slurry	to	gain	insight	on	the	likely	impact	after	the	biochar	is	added	to	the	soil.		
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On	 the	 other	 hand,	 micropores	 are	 highly	 desirable.	 One	 way	 to	 ascertain	 if	
significant	micropores	are	present	is	to	heat	the	biochar	slurry	close	to	the	boiling	
point	of	water,	which	promotes	the	migration	of	the	water	vapor	into	the	pores.	
The	presence	of	desirable	micropores	 is	 indicated	 if	 the	biochar	gives	off	many	
tiny	bubbles,	then	sinks.	If	the	water	picks	up	an	oily	sheen	or	turns	the	color	of	
tea,	that	indicates	the	presence	and	release	of	hydrophobic	oils	and	tars	discussed	
above.

A	simple	at-home	method	of	accelerated	“wetting”	of	biochar	is	suggested	in	
the	textbox	labeled	“@Home	Biochar/An	Easy	Way	to	Accelerate	‘Wetting’.”

Final Check: The Soil-Biochar Blend
The	above-described	initial	pH	and	TDS	measurements	on	a	biochar-water	slurry	
will	indicate	how	much	of	a	given	biochar	can	be	added	to	a	given	soil.	As	a	final	
check,	the	actual	proposed	soil-biochar	blend	can	be	prepared	and	tested	for	pH	
and	TDS	in	the	same	way.	

To	 do	 this	 final	 testing,	 the	 biochar-water	 slurry	 is	 created,	 and	 a	 sample	 of	
the	target	soil	is	then	simply	added	to	it.	However,	for	any	proposed	soil-biochar	
blend,	 the	pH	and	TDS	are	 tested	at	“saturation,”	where	 the	 slurry	 contains	as	
little	water	as	possible	that	still	fully	covers	the	soil	and	biochar	solids—since	the	
soil	in	the	field	will	not	typically	have	a	significant	excess	of	free	water	(because	of	
runoff,	seepage,	and	evaporation),	except	during	rare	rainfall	or	flooding	events.	
Measuring	soil	properties	at	saturation	are	standard	analytical	methods	used	by	
soil	scientists,	and	it	is	anticipated	that	similar	standard	methods	relating	to	biochar	
will	be	adopted	in	the	future.

For	the	soil-biochar	ratio	being	tested,	these	final	pH	and	TDS	tests	measure	the	
conditions	that	will	actually	be	created	in	the	soil.	If	the	pH	is	unacceptable	or	the	
TDS	increase	is	excessive,	the	biochar	should	not	be	added	to	the	soil	in	the	tested	
proportions.	 Either	 a	 lower	 biochar	 load—or	 a	 different	 biochar	 altogether—
should	be	tested	and	utilized.

Cation exchange Capacity (CeC) and Adsorption Capacity
Although	CEC	and	adsorption	capacity	are	considered	crucial	to	predicting	how	
a	particular	biochar	will	impact	the	soil,	it	is	difficult	to	measure	them	analytically	
and	to	understand	their	precise	roles	in	the	soil.	(Many	atoms	occur	in	nature	with	
either	a	positive	or	a	negative	charge.	A	cation	is	a	positively	charged	ion,	and	a	
negatively	charged	ion	is	an	anion.)
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Conceptually:

•	 	CEC	is	the	extent	to	which	biochar	can	exchange	ions.	Generally,	CEC	is	a	
benefit	in	soil:	the	higher	the	CEC,	the	more	resistant	the	soil	is	to	leaching	
fertilizer	and	the	more	nutrients	that	will	be	retained	and	become	available	to	
plant	roots.		

•	 Adsorption	capacity	is	the	extent	to	which	a	biochar	has	activated carbon	
properties.	The	higher	the	adsorption	capacity,	the	better	the	biochar	will	retain	
moisture	and	soluble	organic	matter,	in	addition	to	its	capacity	to	remove	any	
organic	toxicity	from	the	soil	due	to	residual	pesticides.

Because	many	biochars	exhibit	 significant	and	measurable	amounts	of	CEC	and	
adsorption	capacity,	these	properties	may	well	lie	at	the	heart	of	the	uniquely	and	
dynamically	beneficial	role	of	biochar	in	the	soil.	

Measuring Cation Exchange Capacity (CEC)  
The	CEC	of	a	biochar	is	measured	in	a	three-step	sequence.	First,	all	cations	in	the	
sample	are	converted	to	one	cation	form.	Next,	these	new	cations	are	displaced	
with	another	cation.	Finally,	the	displaced	cations	are	quantified.	

Here	is	a	typical	procedure	used	by	a	commercial	analytical	laboratory		
to	measure	CEC:

•	 	Shake	a	sample	of	dried	char	with	sodium	acetate	solution,	then	drain	or	
centrifuge	to	remove	excess	solution.	Repeat	two	more	times.

•	 	Shake	that	converted	sample	with	2-propanol	three	times,	each	followed	by	
draining	or	centrifuging.	This	alcohol	rinse	removes	excess	cations	that	are	not	
bound	to	the	char.	

•	 	Shake	the	sodium-loaded	char	with	ammonia	acetate	solution	three	times,	each	
followed	by	draining	or	centrifuging.	This	displaces	the	sodium	cations	into	the	
solution.

•	 	Measure	the	total	solution	from	the	three	ammonia	acetate	rinses	for	sodium	
level	and	calculate	CEC	in	milli-equivalents	per	100	grams	of	dry	starting	char.

There	are	two	notable	challenges	in	gauging	CEC	and	its	role	in	soil.	First,	CEC	is	not	
a	very	common	analytical	test—exact	procedures	vary	from	lab	to	lab.	Moreover,	
biochar	 testing	protocols	have	not	yet	had	sufficient	 time	to	 fully	evolve.	Better	
and	more	standardized	CEC	testing	methods,	specific	for	biochar,	are	anticipated	
in	the	future.	

Second,	predicting	the	role	of	CEC	in	a	specific	biochar	is	complicated	by	the	
development	 of	 additional	 CEC	within	 soil	 over	 time.	 It	 is	 therefore	 likely	 that	
measuring	 the	CEC	 of	 a	 char	 is	 a	 temporary	 snapshot	 that	 does	 not,	 by	 itself,	
predict	additional	soil	CEC	that	may	later	develop.	
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Adsorption Capacity (AC)
Adsorption	capacity	 (AC),	 like	CEC,	 is	under-appreciated	and	poorly	understood	
in	biochar.	One	characteristic	of	the	adsorption	capacity	phenomenon	in	chars	is	
shown	in	Figure	8.3,	where	a	sequence	of	chars,	carbonized	over	a	range	of	heat 
treatment temperatures	 (HTT),	 shows	a	dramatic	 variation	of	measured	Bet	
surface	area	(BET	is	a	method	for	measuring	surface	area).				

The	phenomenon	shown	in	Figure	8.3	has	been	confirmed	for	many	chars	and	
always	occurs.	Although	individual	chars	will	exhibit	a	different	surface	area	at	any	
given	 temperature,	 this	characteristic	 rise	and	fall	 is	highly	 reproducible.	Because	
surface	area	and	adsorption	capacity	are	properties	of	the	char	 itself,	adsorption	
capacity	is	determined	when	the	char	is	created	and	is	unlikely	to	further	develop	
after	the	char	 is	added	to	soils.	Moreover,	 the	adsorption	capacity	of	a	char	can	
deteriorate	over	time;	foreign	matter	might	either	occupy	the	adsorption	sites	or	
physically	block	access	to	the	adsorption	capacity	by	coating	the	outside	of	the	char	
particles.	Therefore,	as	a	practical	matter,	the	adsorption	capacity	of	a	freshly	made	
char	represents	the	upper	ceiling	of	adsorption	capacity	for	the	life	of	that	char.

In	 terms	of	soil	dynamics,	 it	 is	believed	that	adsorption	capacity	of	a	biochar	
contributes	 the	bulk	of	 its	moisture	 retention	 capacity	 and	most	of	 its	 capacity	
to	 buffer	 soluble	 organic	 compounds.	 These	 characteristics	 may	 be	 pivotal	 in	
stimulating	microbial	populations	in	the	soil	by	stabilizing	the	minimum	moisture	
and	carbon	source	 levels	 in	the	soil	and	elevating	microbial	survival	rates	during	
times	of	drought	and	shortages	of	other	soluble	carbon	sources.

Fig.	8.3	 	Variation	of	Char	BET	Surface	Area	with	HTT

Source:	JIANG	Shenxue,	Training Manual of Bamboo Charcoal for Producers and Consumers.	Bamboo	
Engineering	Research	Center,	Nanjing	Forestry	University,	May	2004.	http://terrapreta.bioenergylists.
org/files/TrainingManual.pdf.	Accessed	April	2,	2010.
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Measuring Adsorption Capacity
Adsorption	 capacity	 is	 measured	 by	 “challenging”	 the	 char	 with	 a	 known	
substance,	usually	an	organic	vapor,	and	measuring	the	extent	of	uptake	of	the	
challenge	gas	under	controlled	conditions.	The	test	is	not	a	routine	analysis.	In	fact,	
several	analytical	methods	used	to	measure	adsorption	capacity	in	other	areas	have	
been	(or	could	be)	usefully	adapted	for	biochar.	However,	none	of	these	methods	
are	ideal	or	considered	standard	for	testing	biochar	specifically,	because	of	varying	
accuracy,	applicability,	or	practical	availability.	

On	the	other	hand,	and	perhaps	surprisingly,	the	home	practitioner	can	rather	
readily	perform	a	useful	“challenge	gas”	test	to	gauge	adsorption	capacity.	It	takes	
some	practice,	and	it	helps	if	you	obtain	a	sample	of	activated	carbon	to	use	as	a	
standard	control	reference.	Small	quantities	of	activated	carbon	are	available	at	pet	
supply	stores,	since	it	is	used	in	home	aquarium	filters.	

@HOME BIOCHAR

MeAsuRiNG ADsoRPtioN CAPACitY – 1

Approach
The	 approach	 is	 to	 prepare	 a	 very	 dry	 sample	 of	 the	 candidate	 char,	 and	 then	
“challenge”	it	to	adsorb	a	known	vapor	source.	Drying	the	char	is	critical,	because	
adsorbed	water	will	mask	 the	observed	 adsorption	 capacity.	 The	drying	method	
described	previously	for	“oven	dry”	biochar	is	used	at	a	recommended	temperature	
around	200°C.	

What You’ll Need:

•	 	Scale

•	 	Container	with	a	sealed	lid	

•	 	Empty,	clean	and	dry	tomato	paste	can,	with	a	small	hole	drilled	into	the	
bottom.	

•	 	“Challenge”	gas,	R134a	(1,1,1,2	tetra-fluoro-ethane).	This	gas	is	a	refrigerant	
used	in	auto	air	conditioners,	and	may	be	obtained	from	any	auto	supply	
store	in	12-ounce	cans.

•	 	R134a	dispensing	device,	with	a	metering	valve	and	supply	tubing.	Modify	
the	dispensing	device	by	cutting	the	far	end	of	its	flexible	hose	and	screwing	
into	that	open	end	an	inflation	needle	used	to	inflate	soccer	and	basketballs.

•	 	Insertion	meat	thermometer	(optional)

•	 Sample	of	biochar	to	be	tested.

•	 Sample	of	activated	carbon	to	use	as	a	reference	standard	(available	at	a	
store	selling	home	aquarium	supplies).
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@HOME BIOCHAR

MEASURING	ADSORPTION	CAPACITY	–	2

What to Do:

1.	 	Prior	to	drying,	the	candidate	char	should	be	crushed	and	sieved	to	yield	a	
coarse	granular	material,	with	granules	between	1	and	5	mm	in	diameter.	

2.	 Dry	the	candidate	char	to	approximately	200°C.	

3.	 	Cool	the	char	in	a	container	with	a	sealed	lid	to	avoid	uptake	of	atmospheric	
moisture.	

4.	 Fill	a	weighed,	clean,	dry	tomato	paste	can	about	half	way	with	the	dried	
char	and	weigh	it	again.	

5.	 	Using	the	dispensing	device,	slowly	inject	the	“challenge”	gas,	R134a,	
through	the	hole	in	the	can.	
Note:	As	the	R134a	gas	is	admitted	into	the	char,	some	R134a	will	be	
adsorbed	and	the	heat	of	adsorption	will	be	released—the	container	may	get	
warm	to	the	touch.	

6.	 Continue	to	slowly	add	the	challenge	gas	until	the	char	stops	adsorbing	
it.	Shake	the	can	periodically	to	mix	the	char	contents;	this	assists	the	
equilibration	process.

7.	 	Adding	the	R134a	may	continue	until	the	temperature	of	char	returns	to	
the	starting	temperature,	since	the	excess	R134a	will	enter	as	a	cold	vapor	
and	eventually	cool	the	char	mass.	A	simple	insertion	meat	thermometer	may	
improve	the	accuracy	of	determining	the	endpoint	of	the	R134a	addition.	

8.	 When	completed,	weigh	the	can	containing	the	char	and	adsorbed	R134a.		

9.	 	Calculate	the	fraction	of	weight	increase	caused	by	injecting	the	R134a	gas	
as	follows:

[weight	of	can+char+adsorbed	gas]	–	[weight	of	can+char]	
[weight	of	can+char]	–	[weight	of	can]	
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@HOME BIOCHAR

MEASURING	ADSORPTION	CAPACITY	–	3

What to look For:
Chars	with	good	adsorption	capacities	show	a	noticeable	temperature	rise	when	
R134a	is	added,	and	significant	weight	gain,	such	as	10%	or	more	of	the	weight	
of	the	original	char,	when	the	sample	temperature	is	near	ambient.	Chars	with	
low	 adsorption	 capacities	 (0%–4%)	 will	 show	 little	 temperature	 rise	 during	
R134a	addition	and	essentially	no	weight	gain	due	to	the	adsorption	of	R134a.	
In	contrast,	the	adsorption	test	conducted	on	activated	carbon	should	yield	very	
high	percentage	increases	in	weight	and	a	substantial	temperature	rise	during	
R134a	addition.	The	differences	become	obvious	with	a	little	practice.

Good	biochars	will	have	between	20%	and	40%	of	the	weight	gain	of	activated	
carbon.	If	the	biochar	has	less	than	10%	of	the	weight	gain,	then	the	adsorption	
capacity	is	low;	and	any	soil	to	which	that	biochar	is	added	will	have	little	of	the	
benefits	attributed	to	adsorption	capacity.

Notes: 
The	 results	 obtained	 by	 this	 ambient-temperature	 method	 are	 not	 directly	
comparable	 with	 the	 Gravimetric	 Adsorption	 Capacity	 Scan	 (GACS)	 results	
obtained	at	100°C,	as	shown	in	Figure	8.4.	Adsorption	results	at	typical	ambient	
temperatures	are	on	the	order	of	twice	the	levels	observed	at	the	100–125°C	
range.

Other	challenge	gases	may	be	used,	 including	butane	and	propane—even	
the	gas	used	 to	 refill	butane	 lighters.	These	gases	are	 lighter	and	create	 less	
weight	gain	in	a	char	sample	than	R134a.	

For	 the	 adsorption	 capacity	 results	 shown	 in	 Figure	 8.4,	 the	 specific	 procedure	
used	 was	 the	 Gravimetric	 Adsorption	 Capacity	 Scan	 (GACS).	 The	 GACS	 assay	
measures	all	the	adsorption	behavior	of	chars	and	activated	carbons	over	a	wide	
range	of	adsorption	conditions.	For	the	purposes	of	comparing	chars,	it	is	sufficient	
to	 subject	 chars	 to	 the	 same	 adsorption	 conditions	 and	measure	 the	 extent	 of	
adsorption.	 The	 standard	 conditions	were	 the	weight	 percent	 uptake	 of	 R134a	
(1,1,1,2	tetra-fluoro-ethane,	the	refrigerant	used	in	automobile	air	conditioners)	by	
a	dried	sample	of	char	at	100°C.

Figure	8.4	shows	the	CEC	and	the	adsorption	capacity	of	11	chars	and	2	wood	
samples.	CEC	data	is	shown	at	10%	of	the	measured	CEC	level	to	allow	a	common	
y-axis	for	both	CEC	in	units	of	meq/100	grams	and	adsorption	capacity	in	units	of	
weight	percent	R134a	at	100°C.		
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Fig.	8.4	 CEC	and	Adsorption	Capacity	of	Selected	Chars

Source:	Hugh	McLaughlin,	Paul	S.	Anderson,	Frank	E.	Shields	and	Thomas	B.	Reed,	“All	Biochars	are	
Not	Created	Equal,	and	How	to	Tell	Them	Apart,”	Version	2	(October	2009),	Figure	8.	(http://cees.
colorado.edu/biochar_characterization.html).

There	is	significant	variation	of	both	CEC	and	adsorption	capacity	in	the	11	chars	
and	2	woods.	All	samples	tested	showed	good	levels	of	CEC,	but	considering	how	
few	samples	there	are,	no	conclusions	should	be	drawn	about	what	may	or	may	
not	lead	to	CEC	in	a	char.	

As	 for	adsorption	capacity,	Figure	8.4	shows	more	dramatic	 trends,	with	 the	
two	 pre-carbonization	materials	 (wood	 pellets	 and	 torrefied	 fir)	 having	 little	 or	
no	 adsorption	 capacity—as	 would	 be	 expected	 from	 the	 trend	 of	 the	 low-
temperature	 side	 in	 Figure	 8.3.	Overall,	 the	 adsorption	 capacity	 of	 the	 chars	 in	
Figure	8.4	seems	to	reflect	the	specifics	of	different	carbonization	processes	more	
than	the	specific	starting	material.	This	also	might	be	expected,	considering	the	
carbonization	 process	 creates	 the	 internal	 structures	 in	 the	 starting	 biomass	 as	
the	volatiles	are	driven	off	and	the	solid	char	is	formed.	Also,	of	the	two	gasifier	
chars	tested,	Gasifier	Char	#1	used	woody	biomass	as	the	fuel	for	gasification	and	
represents	a	wood-gasifier	char,	whereas	Gasifier	Char	#2	was	residual	char	from	
a	char-gasifier.	Among	the	chars	shown	in	Figure	8.4,	letters	H,	L,	O,	P,	Q	and	S	
were	produced	via	the	same	carbonization	process,	and	all	had	uniformly	elevated	
levels	of	adsorption	capacity.
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Additional Biochar testing
Additional	 tests	 for	 soil	 and	plant	 compatibility	 are	 the	 “germination	 test”	 and	
the	“worm	avoidance	test,”	which	are	discussed	in	the	chapter	of	this	book	titled	
“Gauging	the	Impact	of	Biochar:	Simple	Tests	for	Farmers	and	Gardeners.”

ConClusIon

Any	biochar	 can	and	 should	be	 tested	prior	 to	 addition	 to	 the	 soil.	 Some	 tests	
characterize	the	biochar	and	allow	predictions	of	its	relative	performance	in	the	soil.	
Other	tests	alert	the	user	to	undesirable	soil	consequences,	including	pH	changes	
and	elevated	TDS,	that	may	result	from	adding	the	biochar	and	lead	to	poor	crop	
growing	conditions.	Since	the	tests	are	easy	to	perform	and	it	is	highly	desirable	
to	know	the	consequences	to	different	biochar	characteristics	before	adding	the	
biochar	 to	 the	 soil,	 do	 the	 tests	 first,	 consider	 the	 test	 result	 implications,	 and	
proceed	accordingly.

From	every	biochar	added	 to	 soil,	 a	 sample	 should	be	 taken	and	 retained	 in	
case	additional	analytical	testing	is	a	needed.	Relatively	dry	biochar	in	a	sealed	jar	
will	store	at	ambient	conditions	for	years	without	significant	change.	A	pint	jar	of	
a	biochar	sample	is	absolutely	indispensable	in	determining	what	went	wrong,	or	
right,	with	a	given	biochar	application.
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Key poInTs FroM THIs CHApTer

•	 	The	term	“biochar”	embraces	various	charcoal	products	generated	from	
various	raw	materials	via	various	processes.	Each	particular	biochar	has	unique	
characteristics.	

•	 	All	biochars	have	physical	attributes,	constituent	attributes,	and	soil-relevant	
attributes.	Each	attribute	has	a	set	of	quality	indicators.	

•	 	The	quality	of	biochar	can	be	informally	determined	by	feel:	Good	biochar	is	
light	and	rigid	but	easily	crushed;	finely	grained;	not	greasy	to	the	touch;	and	
washes	off	with	plain	water.	

•	 	The	four	main	constituents	of	biochar	are:	

 – Moisture	–	refers	to	the	fraction	of	the	biochar	that	consists	of	water	and	
volatiles	(organic	solvents).	Moisture	adds	little	value	to	a	biochar.

 – Ash	–	refers	to	the	inorganic	portion	of	biochar,	and	also	adds	little	value	to	it

 – Mobile matter	–	the	organic	portion	of	biochar	that	can	leach	into	the	soil	
or	be	ingested	by	soil	microbes.	

 – Resident matter	–	the	organic	portion	of	biochar	that	will	remain	stable	in	
the	soil	for	a	very	long	time.	Resident	matter	is	therefore	generally	more	
valuable	in	biochar	than	mobile	matter.

•	 Biochar	also	possess	important	soil-relevant	attributes	that	are	pivotal	for	assessing	
how	a	particular	biochar	will	impact	the	soil:	specifically,	levels	of	pH	and	total	
dissolved	solids	(TDS),	cation	exchange	capacity	(CEC),	and	adsorption	capacity.

•	 	The	pH	and	TDS	measurements	indicate	how	much	of	a	given	biochar	can	be	
added	to	a	given	soil.	Excessive	TDS	means	that	the	soil	contains	too	much	
salt,	which	has	an	adverse	effect	on	most	plants.	Soil	pH	is	more	critical.	Many	
biochars	have	a	“liming	effect”	that	would	not	be	beneficial	for	alkaline	soils.	

•	 	Cation	exchange	capacity	(CEC)	and	adsorption	capacity	are	difficult	to	measure	
and	their	precise	roles	in	the	soil	poorly	understood.	Generally,	the	higher	the	
CEC,	the	more	nutrients	that	will	be	retained	and	become	available	to	plant	
roots.		

•	 	Adsorption	capacity	is	a	function	of	the	internal	surface	area	within	the	
graphene	plates	in	a	biochar.	The	greater	the	surface	area,	the	higher	the	
adsorption	capacity,	and	the	better	a	biochar	will	retain	moisture	and	soluble	
organic	matter.	These	characteristics	may	be	pivotal	in	stimulating	microbial	
populations	in	the	soil.

•	 	Any	biochar	can	and	should	be	tested	before	adding	it	to	the	soil.	


