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Superficie de carga variavel: o solo como
trocador de ions
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Em fungao do pH do
meio, o solo pode se
um trocador de cations
ou de anions
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Propriedades eletroquimicas e adsorcao
de ions no solo
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Equilibrio do fésforo no solo
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O P-solugéao esta em equilibrio dindmico com o P em
outras formas menos sollveis




Extratores do fosforo do solo usados
no Brasil

Extratores acidos: Principio agao solvente

Maior extragao de fosfatos de calcio

Equilibrio do fésforo no solo e extragao
dinadmica por resina
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Extracao de nutrientes do solo por resina
trocadoras de ions
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Correlacao entre fésforo, extraido com
resina e acido sulfurico diluido
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Curvas de adsorcao de fosfato em solos
tropicais argilosos
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Fonte: Lourengo (1973)

Doses de P para manter niveis de P na solucao
do solo em LVa, com diferentes teores de argila
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Extracao de P por resina, em solos com
diferentes teores de argila
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Fonte: Raij & Quaggio, 1983

Calibracao de P no solo por por dois extratores
usados no Brasil, em 26 ensaios com algodao
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Experimento em vasos com arroz em solo inundado:
Selecao de extratores de nutrientes

P- Mehlich P-resin

y=3,63x-43,7
R2=0,97*

P absorved by rice, mg/pot
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P absorved by rice, mg/pot

Fonte: Grande et al. (1986)

analise critica dos métodos




Interpretacao para analise de fosforo em solos
pelo método Mehlich, no Estado de MG

Classificagao
Muito Baixo Baixo Médio Bom
Argila (%) Fésforo disponivel, mg dm™
60 — 100 2,7 28-54 5,5-8,0 8,1-12,0
35-60 <4,0 41-8,0 8,1-12,0 12,1 -20,0
15-35 <6,6 6,7-12,0 12,1 - 20,0 20,1-30,0
0-15 <10,0 10,1 - 20,0 20,1-30,0 30,1-45,0
P-rem (mg L™
0-4 <3,0 3,1-43 4,4-6,0 6,1-8,3
4-10 <4,0 4,1-6,0 6,1-8,3 8,1-114
10-19 <6,0 6,1-8,3 8,4-11,4 11,1-15,8
19-30 <8,0 8,1-11,4 11,5-15,8 15,1-21,8
30-44 <11,0 11,1-15,8 15,9 - 21,8 21,9-33,0
44 - 60 <15,0 15,1 -21,8 21,9 - 30,0 30,1-45,0

Caracteristicas

Fonte: Comissao de Fertilidade do Solo do Estado de
Minas Gerais (1999)

Interpretacao para analise de fosforo em solos
pelo método Mehlich, nos Estados do RS e SC

Classes de  Classe de solo em fungao do teor de argila, % Solos
P no solo 60-41 40-21 <20 alagados

Muito baixo

Baixo 31-60 41-80 7,1-140 <30
61-90 81-120 141-210 31-6,0
91-18,0 1211-240 21,1-420 6,1-12,0

Muito alto >18,0 > 24,0 > 42,0 >12,0

Fonte: Comissdo de Quimica e Fertilidade do Solo dos
Estados de RS e SC (2004)




Interpretacao para analise de fosforo em solos
pelo método da resina, nos Estados do RS, SC

e SP

Classes
de P

Muito baixo
Baixo
Médio

Alto

Muito alto

- (" Cuituras anuais

P-resina
RS/SC sp
mgdm'3
<5 <5
5-10 7-15
10 - 20 16 - 40
20 - 40 > 40

> 40

Fonte: Comissao de Quimica e Fertilidade do Solo dos Estados de RS e SC (2004) e

Raij et al. (1997)

Dificuldades atuais com as analises

de solo pelo Sistema IAC




Panorama dos Métodos Usados Extracao Cations
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Ensaio de Proficiéncia IAC para Laboratérios de Anilise de Solo para Fins de
Fertilidade

Levantamento de Métodos Usados para Andlises Especificas

Numero do Laboratario em 2017:

1) Para quem usa resina para extrair P
() uso resina também para K, Ca e Mg
( ) uso cloreto de aménio para K, Cae Mg

(KCL)

( ) uso outra opgdo para os cations trocavels

Panorama dos Métodos Usados Extracao Cations

Laboratdrios usam resina para extrair Fosforo:

Extracao de Cations

odos Laboratérios
azem P-resina e
Cloreto de Amoénio ou
KCI para cations

H Resina ® Cloreto Amonio Outros
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Teores de Catios: Métodos Extracao Laboratorios A

Extracdo de Cations - Am 477

M Resina m NH4C| Qutros

Extragdo de Cétions - Am 490

B Resina ™ NHA4C| Outros

Correlagao entre potassio trocavel, extraido
com resina e acetato de amoénio a pH 7,0
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____ Fonte: Raij & Quaggio, 1983
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Correlagao entre os teores trocaveis de Ca e Mg,
extraido com resina e acetato de aménio a pH 7,0

NH4OAc N
NHaOAc N
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j & Quaggio,

Extracao Cations: Cloreto Aménio vs Acetato Aménio

kg™

K - Mehlich-1 5 (cmol  kg™")

K - Mehlich-1 30 (ool
geable Cations i

. g= =095 !{:o.n =006
g% 9=004+073x - 7 9 %

0.30 060 0.90 1.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20

Cloreto de K - NH,OAe 1M (emol, kg™") K - NH OAc 1M (cmol_kg™")

Amonio vs

Acetato de
Amonio:

-

L

- .6
. z
- B 4
. D
%  §=005+079x r=095" §#=0.00+0.87x =009

V5 (cmol, kg™)
m Chloride Solution as an Alternative

ory Procedure for Exchan,

K- Mehlich~160 {(emol_ kg™')

K - NH,CI

Potassio

0 4 0.00
000 020 0.40 060 0.80 1.00 1.20 000 020 040 0.60
K - NH,OAC 1M (cmol, kg™") K - NH OAc 1M (emc

E

K - NH,C! 1M 30 (emol, kg™
K - NH,CI 1M 80 {emol. kg™")

#=10.01-1.00x r=099"

Gianello & Amorim, 2014
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Extracao Cations: Cloreto Aménio vs Acetato Aménio

§=0.05+0.97xr= 099"

Ca - NH, CI 1M 5 min (cmol, kg~)

| §=10.05 + 0.94x r = 0.99**
0.0 4.0 8.0 12.0 16.0 0.0 4.0 8.0 120 16
Ca - NH,OAG 1M (cmol, kg™") Ca - NH40AG 1M (cmol, kg™")

Calcio e
Magnésio

Procedure for Exchangeable Cations i

4.0

Ca - NH, Gl 1M 60 min {emol, kg™)

¥=10.04+1.01x r= 0.997" { §=-0.02 + 1.00x r = 0.99"*
0.0 4 s e T 0.0 + |
0.0 4.0 8.0 12.0 16.0 00 10 20 30 40 50 60 7.0

Ca - NH4OAc 1M (cmol, kg™ Mg - NH,OAc 1M (cmol_ kg ™)

Ammonium Chloride Solution as an Alternative

E

@ &
o ©

M
=}

o

Mg - NH,CI 1M 30 (emol, kg™)
Mg - NH,CI 1M 60 (eml, kg™)
«
o
g

¥=-0.05+ 1.00x r=0.99™ §=0.07 + 1.00x r = 0.9G*

0.0
00 10 20 30 40 50 60 70

Mg - NH;OAc 1M (cmol, kg") Mg - NH4OAc 1M (cmol, kg™

0
D0 _10 20 30 40 50 60 70

Gianello & Amorim, 2014

Resina cationica Amberlite Dow IRA 120

T

AMBERLITE™ IR120 Na

Industrial Grade Strong Acid Cation Exchanger

Introduction ANBERLITE IR120 Na resin is a gel type strongly acidic cation exchange resin of the
type. It is used for water softening (n Me+ form) a8 well as for water
form}) in co-flow regenerated units. AMBERLITE IR120 MNa resin is &n
cese cation exchange resin thal can be used for @ wide wvanety of
nt applications including both softening and demineralisation

Propel Amber spherical beads
Styrene divinylbenzene copolymer
Sufonate

Ma*
oy =200 egll (Ma*form
Inisture holding capacity A0 % (Na form)
Shipping weight 840 g/)
Particle Size
Uniformity cogfficient =19
Harmonic mean size 0600100800 mm <0300 mm 2% max
I mum reversible swelling MNat = H+=11%
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Resina catidonica Amberjet Dow 4200

B Dow 2

AMBERJET™ 4200 Resin
For Industrial Water Treatment

“ “"00 Resin is a uniform particle size, high quality, strong base type 1
asin designed for use in all general demineralization systems. The
1an particle size of AMBERJET 4200 Resin have been optimisad for
quipment including mixed beds, when paired with AMBERJET 1000 or
THON (TM) C cation resins. AMBERJET 4200 Resin can be directly
wentional gel anion exchange resin in new equipment and in rebeds
sralisers

Yelow translucent spherical beads
Styrens divinylbenzena copolymer
C H Trimethyl ammonium
3 ed Cl-
ity 1.3 /L (285 kgrit?)
capacity 48-55%
670 gL 3) bsit

Particla siza

Urdformity coefficiant 1.2

H,
+
K

Harmanic maan diamaler 0.60-0.80 mm
< 0.425 mm 0.5% max
Maximum reversible swelling Cl- — OH-: about 30%

Fonte: Quaggio, 2017

Resina anionica Amberlite Dow IRA 402

AMBERJET™ 1200 Na Industrial Grade Strong Acid Cation Exchanger
Description

AMBERJET 1200 Na resin is a uniform particle size, high quality, strong ackd cation exchanger designed for use in
all water treatment spplications: softening as well as demineralisation. The unifermity and mean particle size of
AMBERIET 1200 Na resin have been optimised for use in industrial equipment. In HY cycle, It can be used in mixed
bed applications paired with AMBERIET 4200 CI resin. AMBERIET 1200 Na resin can be directly substituted for
conventional gel cation exchange resin in new equipment and in rebeds of existing inszaliations.

Typical Properties
These propertes are bypical bt do not constitute speaficatsans.

Phiysical form

Amber spherical beads

Matrix

Styrene divinylbenzene co

Functional group

Sulfenate

lonic form as shipped

Ma™

Total exchange capacity 11!

= 2.00 egfL (Na™ form}

Maolsture holding capacity 11

A3to 4% (Na® form)

Shipping weight

( B50g/LY)

Specific gravity

.30 (Nat form)

Particle size

Uniformity coefficient [1]

£ L2

Harmonic mean size

620 £ 50 pym

Fines content [

< 0.300 mm : 0.1% max

Maximum reversible swelling

Ma® —H" 1 10%
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Resina anionica Amberlite Dow IRA 402

AMBERLITE™ IRA402 CI

Industrial Grade Strong Base Anion Exchanger

Introduction

AMBERLITE IRA402 Cl resin is a type 1 strongly basic, clear gel, anion exchange

islinked polystyrene structure that s designed to give an
f capacily and regeneration efficiency in waler treatment
Iy used inco-flow regenerated systems and can also be used
erflow systems such as those using air or water holddown.  In

Cc

cations AMBERLITE IRA402 Cl resin can remove both strong
ding silica These characteristics make AMBERLITE IRA402 CI
purpose anion exchange resin for a wide varety of water

H3
+
H

Pale yellow translucent spherical beads

I
NI

Styrene divinylberzene copolymer

H,C~ ~CH,

Trimethyl ammonium

Chlaride

ity

=1.20 eglL [CI form)

city

4910 60 % (G farm)

SUIPILY WE YL

(G670 )

Particle size

Uniformity coefficiert

=18

Harmonic meansize

0600 to 0.750 mm
<0300 mm
1.0 % max

Reversible swelling

CF - 0OH =30%

Fonte: Quaggio, 2017

Resina - Extracao Cations e Fosforo

15



Segregacao de resinas de troca i6nica

Resina Amberlite IRA 402
Aniodnica

| Resina Amberlite ]

CIRCOHTId ATTNTDCIHTLC |

Cationica

| (cationica)

Correlacao entre os teores fésforo extraido com
resinas Dow Amberjet 4200 e Amberlite IRA 402

Amostra Resultado Resina Amberjet Resina Amberlite
controle Padrao Resina Resina Resina Resina
A- C+A- A- C+A-
mg dm?
17 16 16 21
20 27 23 20
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Correlacgao entre os teores trocaveis de potassio,
extraido com resina e acetato de amoénio a pH 7,0

Amostra Resultado Acetado Resina Amberjet Resina Amberlite

controle Padrédo de NH4 Resina Resina Resina Resina
C+ C+A- C+ C+A-

mmol ¢ dm?
1,3 1,0 0,6 0,8
34 4,2 31 25
0,5 0,4 0,0 0,2
1,4 1,7 1,8 2,3
1,7 2,3 1,5 2,0
52 4,0 47 4,6
6,9 5,6 6,6 57
6,7 8,5 9,0 8,1
0,9 0,8 0,8 11
58 55 6,4 58
1,0 1,3 1,6 1,9
1,2 1,2 1,5 1,8
2,0 1,5 2,3 2,6
~__ Fonte: Quaggioetal, 2017

Correlagdo entre os teores trocaveis de calcio
extraido com resina e outros extratores

Amostra Resultado KCI Acetado Resina Amberjet Resina Amberlite
controle Padréo de NH4 Resina Resina Resina Resina
C+ C+A- C+ C+A-
mmol . dm*

IAC- 67 16 12 19
IAC-68 39 25 36
IAC 69 6 4 6
477 8 16
478 5 10 4 12
479 67 65
480 48 48
484 66 64
491 9 11
493 47 47
494 1" 12
495 46 48
496 89 82

Fonte: Quaggio, 2017




Correlagao entre os teores trocaveis de magnésio,
extraido com resina e acetato de amoénio a pH 7,0

Amostra Resultado Acetado Resina Amberjet Resina Amberlite
controle Padrao de NH4 Resina Resina Resina Resina
C+ C+A- C+ C+A-
mmol . dm?

5
17
1
4
3
21
19
15
3
18
4
30
38

Fonte: Quaggio et al, 2017
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