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SUMMARY

EVALUATE THE ADSORPTION CAPACITY OF AVAILABLE PHOSPHORUS ON BASALT
RED SOILS (KRONG BUNK DISTRICT, DAK LAK PROVINCE) AMENDED BY BIOCHAR
DERIVED FROM COFFEE HUSKS AT DIFFERENT PYROLYSIS TEMPERATURES

Biochar from agricultural residues plays an important role in improving the efficiency of nutrient use for
plants, including available phosphorus. Study on the characteristics of biochar derived from coffee husk,
which was prepared at different temperatures, was made. Similar study on the ability to adsorb available
phosphorus from basalt red soil (Krong Buk district, Dak Lak province) and soil with biochar supplement
was also conducted. Coffee husk were prepared at temperatures of 300, 450 and 600 °C with a
temperature increase of 10 °C / min and a 2-hour holding time. Soil (control sample) and soil
supplemented with 4% biochar were mixed with P solution at different concentrations until equilibrium.
Physical and chemical properties such soil (pH, OC, easily digested P content, moisture content) and
biochar (recovery efficiency, OC, pH, pHpzc, H+, OH- group numbers, CEC) were collected and
evaluated. The results showed that the parameters of adsorption equilibrium process are consistent with
Langmuir and Freundlich isothermal model. The maximum P adsorption capacity on soil (control
sample), the soil supplemented with 4% biochar at temperatures 300, 450 and 600 °C is 2.97; 2.97; 2.94
and 5.48 mg.g-1. Kinetics of adsorption of available P in biochar supplemented soil at temperature of
600 °C follow pseudo second order kinetic model with constants k = 0.25 g.mg-1.hour-1, R2 = 0.95.
Research results showed that the addition of biochar from coffee husk prepared at 600°C increases the
adsorption of available phosphorus to basalt red in Krong Buk district, Dak Lak province.

Keywords: adsorption, available phosphorus, biochar, coffee husk, equilibrium and kinetics.

1. GIOI THIEU phu pham ndng nghiép bang phuong phap nhiét
LAn 1a nguyén t6 can thiét cho sy tang truong cia phan trong diéu kién yém khi ¢ nhiét do > 300
cy tréng, thuc vat c6 thé thu duoc 1an dudi dang °C. Nguyén liéu thd phé bién cho than sinh hoc,
cac anion phét phat (bao gom H,PO,~ va HPO,2) chii yéu bao gom rom lta mi, rom ngo, dim gd,
tir dung dich dét [1,2]. Tuy nhién phan Ién lan vo hat dua, vo dau phong, trdu, phan gia slc va
trong dat thuong ¢ dang ¢b dinh nhu dang canxi gia cam, chét thai nha bép, bun thai, da trai cay,
va nhom photphat trong déi khé tan va khong kha wv [4,5], trong d6 c¢6 vo ca phé [6]. Than sinh
dung cho cdy trong ting truong. Do vy, néu dat hoc ¢6 tac dung tich cuc dén cy trong nhu mot
khong duoc cai tao s& ¢6 anh hudng dén cay tréng chét cai tao dat, gitp nang cao lugng mun, kha
do lugng lan d& tiéu thap [3]. nang giit nudc, gitt am, chéat dinh dudng [6].
Than sinh hoc la san phdm dwoc san xuét tir cac Pik Lik 1a dia phuong san xuét ca phé hang diu
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cua ca nude vai dién tich hon 200 ngan ha, san
luong hang nim khoang 450 ngan tan voi
khoang 250 ngan tin vo ca phé kho thai bo, la
nguyén liéu rit cé gia tri nhung dén nay van
chua duoc tan dung triét dé [7].

Céc tinh chét va hiéu suét thu hdi cua than sinh
hoc ¢6 lién quan dén céc thong s diéu ché nhur:
nhiét do, thoi gian luu va tée do gia nhiét trong
qua trinh nhiét, nguon gbc nguyén liéu, kich c&
vt liéu [3]. Than sinh hoc khong chi lam thay
ddi tinh kha dung cua lan truc tiép thong qua
kha ning trao doi anion hoic anh huong dén
hoat dong cua céc cation tuwong tac véi l1an, ma
con tac dong gian tiép dén kha nang giir hay giai
phong 1an khi két hop véi dat [1]. Mot sb than
sinh hoc da thé hién su hap phu P trong khi s6
khéc thé hién sy giai hap 1an, thanh phan hoéa ly
cua than sinh hoc va dét 1a nhitng yéu té chinh
cua su hap phu P [8]. Hap phu cac chat vo co
bang than sinh hoc 1a két qua cua (i) trao ddi ion
theo phuong phan cuc, (i) lyc hat tinh dién,
hoc (iii) két tua bé mat [9], khi d6 hoa hoc bé
mat dong vai tro quan trong hon so véi dién tich
b& mat cua than sinh hoc [10]. Trong khi, cac
tinh chat héa hoc bé mat bi chi phdi rat nhiéu
bai cac didu kién nhiét phan, dac biét 1a nhiét do
va thoi gian nung [11]. Tuy nhién, cac nghién
ctru vé& anh huéng nhiét 6 diéu ché than sinh
hoc c6 ngudn gbc tir vo ca phé & huyén Krong
Buk (Pik Lik) Ién tinh chét héa ly cia than va
kha nang hap phu Ian dé tiéu khi cai tao dat do
bazan bang than 1a con rét thiéu théng tin. P6
cling chinh 1a muyc dich cua nghién cuu.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Phwong phap thu miu

Vo ca phé dugc lay trong thang 01/2019 ¢ mot
ho dan x6m 8 thon 9A Xa Pong Prang Huyén
Krong Buk, Tinh Bak Lik, duoc 1am kho so bo,
cit nho <5mm, sdy khd trong ta siy & 60 °C
trong 24 gid va cho vao tai polyetylen dé luu
gitt [12].

Dit duoc lay tai X3 Pong Prang Huyén Krong
BUk, Tinh Pik L&k duoc lya chon tir khu vuc
trong ca phé, vi tri lay 1a dat phi néng nghiép,
khong bén phan trong thoi gian dai. Do sau liy
mau tir 0-10 cm, khu virc ldy mau c6 duong kinh
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10m, lay 5 mau ¢ 4 goc véi tam duong chéo va
tron lay 1 mau tong hop. Mau dét sau khi lay
bao quan trong tdi nilon PE. Sau d6 duoc lam
kho trong khong khi, nghién nho va qua ray
2mm dé xac dinh: ti trong theo TCVN
6863:2001, pH va hda hoc bé mat cua than
(pHpzc) theo Tran Thi T [13] , tong cacbon
hitu co (OC) cua than va dit theo phwong phap
Walkley Black [14], s6 nhém H* va OH" theo
Cheung va cong su [15], photpho dé tiéu theo
TCVN 5256:2009 [16], CEC theo TCVN
8568:2010.

2.2. Dung cu va hoéa chit thi nghiém

Céc hoa chat str dung trong thi nghiém Ia loai
tinh khiét phan tich cua Merck va Trung Québc
bao gom: KCI, K,Cr,07, H2S04, NaH2POj,
NaOH, HNO3;, NaOH, H;0,. N@)ng do dung
dich luu trix 1a P-PO4 1000mg/L. Nudc sir dung
1a nudce cat qua loc bang may loc nuéc siéu sach
Model: EASYpure Il RF cua Thermo Scientific
—USA. Dung cu thi nghiém phai duogc lam sach
true khi sir dung bang cach dé day axit nitric
1M trong it nhat 24 gio va sau d6 xa sach bang
nudce khir khoéng [17].

2.3. B6 tri thuc nghiém

Diéu ché than md phong theo nghién ciru cua
Yoo va cong su, khi d6 vo ca phé sau xu 1y dugc
diéu ché trong 16 nung lan luot véi nhiét do 1a
300, 450, 600 °C véi téc d6 nung duoc lap trinh
10°C/ phut va luu giit trong 2 gid. San phim sau
nung dugc nghién nho qua rdy 1mm va luu trir
trong tdi PE kin, bao quan ¢ 4 °C [18]. Cac mau
than sinh hoc sau dé duoc sir dung dé xac dinh
hiéu suat thu hdi, pH, pHpzc, OC, sb nhém
H*/OH-, CEC va str dung cho thi nghiém khao
st can bang va dong hoc.

Khao sat can bang hap phu lan dé tiéu mé phong
theo nghién ciru cua Han va cong su [1]. Cu thé,
dat 1,5 g miu dat kho (bao gom cac mau dat va
mau dit c6 bd sung 4% than sinh hoc) vao 30
mL dung dich KCI 0,01M c6 chira 0, 33, 66,
133, 266, 400 mgP/L. Hai giot chloroform da
duogc thém vao cac mau déat dé ngin chan hoat
dong cua vi sinh vat. pH dung dich khong diéu
chinh va git nguyén trong qua trinh thi nghiém,
dao dong khoang 5,0 - 5,5. T4t ca cac mau duoc
lic trén thiét bi lic GFL 3015 cua Buc véi toc



d6 350 vong/pht ¢ nhiét do phong trong 24 gid
(Thoi gian da dugc khao sét 1a du dé sy hap phu
P d@ tiéu dat dén trang thai can bang, duoc xac
dinh bang cac thi nghiém so bd). Sau lic, mau
duoc ly tam 5000 vong/phit (DLAB DMO0636)
trong 10 phut va duoc loc. Nong do P cua dung
dich can bang sau d6 duoc xac dinh theo TCVN
5256:2009. Cac md hinh ding nhiét hap phu
Langmuir va Freundlich da dugc sir dung dé
danh gia su phu hop cta dit liéu thuc nghiém.
Khao sat dong hoc hap phu P dé tiéu md phong
theo nghién ciru cua Han va cong su [1]. Cu thé,
dat 1,5 g dat kho (dat c6 bd sung 4% than sinh
hoc & nhiét do cho dung lwong hip phu tbi da
cao nhit theo thi nghiém can bang) vao 30 ml
dung dich KCI 0,01 M (pH = 7) cé chutra 133
mgP/L. Hai giot cloroform da dugc thém vao
céc mau dat dé ngan chan hoat dong cua vi sinh
vat. pH dung dich khong diéu chinh va giir
nguyén trong qué trinh thi nghiém, dao déng
khoang 5,0 - 5,5. Tat ca cac mau duoc lic &
nhiét do phong va duoc rit ra theo cac méc thoi
gian dinh truéc. Mau liy duoc ly tdm va xéac
dinh P. Cac mé hinh dong hoc hap phu gia bac
1 va gia bac 2 di duoc sir dung dé danh gia su
phu hop cta dir liéu thuc nghiém va tinh todn
hang sb dong hoc hap phu.

2.4. Xir ly dir liéu thi nghiém

2.4.1. Tinh toan két qud

Tinh toan hiéu suat thu hoi than (%n)

%T] _ Khdi lwgng sau diéu ché «100 (1)

Khéi lwugng mau kho
Tinh toan pHpzc cua than
ApH = (pH; — pH;)  (2)
Trong do:

pHi va pH 12 gia tri do pH ban dau va sau khi
cho than vao dung dich mudi KCI 0,01 M.

Do pHpze dwoc xac dinh sau khi do pH cudi
cing va duoc V& ApH theo do pH ban dau.
pHpzc 13 diém ma duong cong ApH theo d6 pH
vuot qua duong ApH =0 [13].

Tinh toan can bang hp phu

Dung lugng hap phu:

_ (Co-CpV

q=—" ©)
Véi:  V Iathé tich dung dich, L
m la khéi lugng mau dat, gam
Co la ndng dd P-PO, ban du, mg/L
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Cilandng do P-PO4 bi hap phu tai thoi diém can
bang (mg/L);

0i dung luong hap phu P-PO; tai thoi diém can
bang (mg/gam)

Phuong trinh dang nhiét Langmuir:

1 1 1 1

w mwate @
V¢ 1/gi theo 1/C;, phuong trinh ¢6 dang y=ax+b,
qua d6 co thé xac dinh go va xem xét sy phii hop
cua dudng dang nhiét hap phu.
Trong d6: qo 1a dung lugng hap phu P-PO4 cuc
dai
K. 1 hang sb hap phu Langmuir (L/mg).
Phuong trinh dang nhiét Freundlich:
gi=y/m= Kg.Cit/F
Hay

1
Logq; = ElogCi + logKy (5)

Kr va 1/n¢ la cac hing s ctua phuong trinh ding
nhiét hap phu Freundlich
V& logq theo logC dé xem xét su phd hop cua
dudng dang nhiét hap phu.
Tinh toan dong hoc hip phu
Phuong trinh dong hoc hap phu gia bac 1:
Ln(q, — q¢) — Lnqe = —kit  (6)
Hay
Ln(g. — q¢) = —kit + Lnq, (7
Vé Ln(q, — q;) theo t
Phuong trinh dong hoc hap phu gia bac 2:

1 1 1 1

w e ©

Veé 1/q; theo 1/t

Trong do:

0e dung lwong hap phu P-POj tai thoi diém can
bang (mg/gam)

gt dung luong hip phu P-PO, tai thoi diém t
(mg/gam)

ki (1/gio) va ka2 (g/(mg.gid)) 1a hang s6 van téc
hap phu gia bac 1, bac 2.

2.4.2. X 1y s6 ligu

Céc s6 liéu thu thap dugc tap hop va xir ly thong
ké bang phan mém co trong Exel. Dé giam thiéu
cac ngudn dan dén sai sb, mau lap da duoc sir
dung trong cac phén tich dé danh gia do chinh
Xac va sai léch. Céc thi nghiém va phan tich déu
duoc lap lai 3 1an. SPSS 20.0 dugc st dung dé
xac dinh tinh ddng nhét ciia phuong sai, sau d6
xac dinh su sai khéc céac gia tri trung binh gitra




cac nghiém thuc véi gia tri p < 0,05 bang
Tukey’s test post hoc khi Sig>0,05 hogac
Tamhane khi Sig<0,05.
3. KET QUA VA THAO LUAN
3.1. Thanh phan, tinh chat miu dat
Két qua nghién ctu, Bang 1, cho thdy mau dét
thu duoc c6 pH 5,5, thuoc dang dét chua trung
binh, két qua ciing tuong ddng véi béo cao cua
Pham Thé Trinh Ia 5,45 trong khoang do sau 0-
25 cm ciing vé6i dat do bazan [20]. Dung trong,
ti trong lan luot 13 0,93 va 2,54 g/cm3, két qua
turong ddng véi bao c4o ciia Pham Thé Trinh la
0,8—1,0va 2,65 - 2,75 su sai khac c6 thé do do
sau ldy mau dat 0-20 cm so véi nghién ctu 13 0-
10 cm [20], ciing nhu trong nghién cuu cua Vi
Thuy Duong va c¢ong su cho dung trong 1a 0,83
g/cm?® [21].

Bang 1. Thanh phan tinh chat ciia mau dat

Chi tiéu Pon vi tinh Két qua SD
Ti trong g/cm?® 2,54 0,08
Dung trong g/cm?® 0,93 0,07
pH 55 01
Nhoém chirc H* mmolH/g 8,23 0,06
Nhém chitc OH-  mmolOH/g 10,56 0.06
Ham luong TOC % 372 1,59
Ham luong P dé

tiéu mg/Kg 11,7 0,3

Ham lugng TOC trong dat 1a 3,7%, tuong ddng
véi theo nghién ctru cua Pham Thé Trinh 14
3,3% [20] va 2,7 % trong nghién ctru cua Yu va
cong su vé dat do bazan ¢ tinh Quang Pong,
Trung Qudc [22]. Ham lugng P dé tiéu thap 11,7
mg/kg, 1a cao hon véi nghién cuau cta Yu va
cong su 1a7,9 mg/kg [22], diéu nay duoc ly giai
do mau thu tir khu vuc phi ndng nghiép, khdng
trong trot va bon phéan da lau, véi ham lugng nay
s& phu hop vai cac nghién ciru hap phu.

3.2. Khao sat anh hwéng cia nhigt dp diéu
ché Ién hiéu suat thu hdi , OC, pH, pHpzc, sé
nhom chic axit (H*), bazo (OH"), CEC cuaa
than sinh hec

Két qua nghién ciru anh huong nhiét do nung
1én hiéu suat thu hdi than (Hinh 1) cho thay khi
nhiét d6 300, 450 va 600 °C, hiéu suat thu hoi
lan luwot 51,4; 34, 9 va 30,7 %, va ham lugng OC
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giam 26,6; 10,6 va 1,5 %, diéu nay duoc ly giai
khi ting nhiét ¢ nung céc chat dé bay hoi trong
than giam [23], do su phan huy nhiét ctua cac
hop chét lignocellulose va cac chat dé bay hoi
[24]. Két qua ciing tuong dong véi nghién ctu
truge 12 hiéu suit giam khi ting nhiét do nhiét
phan tir 350 va 600 °C da duoc bao céo la 36 %
va 33 % [25]. Két qua nghién ciru ciing cho thiy
khi nhiét do nhiét phan dén 450 °C luong méat di
khoang 65% do giai phong cac hop chat d& bay
hoi, do mat nhém -SO3H va c6 lién quan dén su
phan hay xenlulo hay sy phan hay
hemicellulose, giai thich twong ty cd trong
nghién ctru cua Guimardesa et al [25]. Nhiét do
tir 450 18n 600 °C chu yéu do phan hay cac hop
chét hiru co bén.

60 1 r 30

b |81
[P ==g%0C Q
PREZBIRR F 2 2
B I B
[istasseise —&—% Thu héi =
Leisssess 3
E
[ltstotaterstetsl a L 202
[Fsetetoteresets| b1
[esteratetotate| 8 =
150005055000 b
=
enssscets P 15 &
150005055000 I =
[Batecitstiistel S
et g
sl 4
[ atetatetstates 10 2
R RGN =
EResessd g
150005055000 =
[Batecitstiistel 2 =
et receissssc) Ls £
[esteratetotate| itesatetsetetet] =
etesssces heeetiseses) a =
[eatetatetototet | toteterstetetal

0 etirisssetes M csotiisiss I Lo
200 300 400 500 600 700
Nhiét 46 nung than, °C

Hinh 1. Biéu dién % hiéu sudt thu hoi than va
OC theo nhiét dé diéu ché, cac chiz #bc thé
hién sir sai khdc cé y nghia thong ké
Két qua kiém tra ANOVA mét chiéu trén SPSS
20, Hinh 1, ciing cho thiy céc gia tri hiéu suat
thu hoi ciia mau than & 300 va 450 °C la khéac
biét c6 y nghia théng ké, giira 450 va 600 °C thi
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trung binh ciia ham luong OC cua ba mau than

nung la khéc biét c6 ¥ nghia thong ké.
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Hinh 2. Biéu dién pH va pHpzc than theo nhigt
dé diéu ché, cac chir @< thé hién su sai khac
¢6 ¥ nghia thong ké
Két qua nghién ctru khao st anh huong nhiét do
nung 1én pH than thu duoc, Hinh 2, cho thiy pH



va pHpzc lan luot tir 7,6; 9,2; 9,14 va 7,2; 8,2;
9,5, két qua nghién ctru tuong tu nhu trong
nghién ctru cta Zhang va cong su khi thuc hién
nung vo ca phé ¢ Tay Tang cho két qua a tat ca
cac than sinh hoc thu duoc ¢d tinh kiém, chang
to rang hau hét cac nhdm axit da bi mét trong
qua trinh nhiét phan va su hién dién cua cac ion
kim loai kiém, Ca, Mg va K 6n dinh va khéng
bi bay hoi trong qua trinh san xuét than sinh hoc
[26]. Khi nhiét @6 nung & 450 va 600 °C, pH
mau than thu dugc c6 pH khong thay d6i nhiéu,
diéu nay c6 thé duoc ly giai la do cac anion hiru
co dé bay d bi phan hity hét & nhiét do 450°C
nén khong gop phan ting pH mau than, két qua
phu hop veéi dién giai cia Zhang va cong su cho
rang cac anion hiru co gép phan vao do kiém cua
than sinh hoc duoc tao ra & nhiét do thap [26].
Két qua nghién ciu 1a théap hon so véi nghién
ctu cua Dume va cong su khi nhiét @6 nung vo
ca phé tir 350 dén 500°C ciing cho pH dao dong
tir 9,6 dén 11,0 [27], diéu nay c6 thé ly giai do
trong nghién cuu thoi gian luu ¢ nhiét d6 nung
la 2 gio trong khi nghién ctru cia Dume va cong
sur 1a 3 gio. Tir két qua nghién ctu cho thiy than
sinh hoc c6 tinh kiém ¢4 loi trong viéc cai thién do
pH cua dat, dac biét 1a ddi voi dat chua [26] va
pHpzc dong mét vai trd quan trong trong viéc lua
chon gié tri pH t&i wu cho cac nghién ciru hip phu
va lam sang to cac co ché cua qua trinh [28].

Do d6, néu dung dich c6 pH < pHpzc, than sinh
hoc s& thé hién dién tich bé mat thyc dwong va
néu pH >pHpzc, dién tich bé mat thyc sé& 1 am.
Dién tich bé mat thuc s& xac dinh lidu sy hip
phu la thuan lgi cho cac cation hay anion [25].
Két qua nghién ciu (Hinh 2) cho thiy khi nhiét
d6 diéu ché tang pHpzc ciing ting, cu thé pHpzc
tang tir 7,4 1&n 9,1, két qua ciing twong dong véi
cé&c nghién cau cua Tran va cong su cho gia tri
pHpzc 1 9,5 va khang dinh pHpzc dong mét vai
trd quan trong trong viéc lua chon gia tri pH tdi
uu cho cac nghién ciru hdp phu va lam sang to
céc co ché hap phu [28].

Két qua kiém tra ANOVA mét chiéu trén SPSS
20 ciing cho cho thiy céc gia tri pH va pHpzc
cua 3 mau than la khac biét c6 ¥ nghia théng ké
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(Hinh 2), qua d6 co6 thé khang dinh nhiét do
nhiét phan vo ca phé trong nghién ctu da anh
huong dén pH va pHpzc ciia mau than.

2 - - 2
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Hinh 4. Biéu dién CEC cua than theo nhiér dé
diéu ché than, cac chir cai 2P¢ thé hién su sali
khdc c6 y nghia thong ké
CEC dugc xéc dinh lan luot 12 309: 290; 266
mmol/kg, Hinh 4, cho thiy ham luong CEC
giam c6 y nghia thong ké cho thiy nhiét do nung
than c6 anh hudng dén ham lwong CEC cua san
pham. Céc két qua nay cho thay viéc loai bo cac
nhém chirc chira cac hop chat hitu co d& bay hoi
trong d6 c6 nhom cacboxylic va phenolic khi
tang nhiét do nhiét phan lam CEC than sinh hoc
giam c6 y nghia, 1y giai twong tu dugc tim thiy
trong nghién cau cia Domingues va coéng su
[29]. Nhu vay viéc ting nhiét do nhiét phan ddi
v6i than sinh hoc duge diéu ché tir vo ca phé

trong nghién ciru da dan dén giam CEC.

Phan tich mdi twong quan (Bang 2), cho thiy
nhiét 46 diéu ché than tuong quan chat chg, cu
thé, twong quan ti 1& thuan véi cac thong sb
mmolOH", pHpzc, pH va tuong quan ti I¢
nghich v&i mmolH*; % TC, % hiéu suat thu hoi
va CEC.



Bang 2. Phan tich méi tiwong quan cdc théng sé vat ly cua than sinh hoc

+ . CEC,
t°C % H pH pHpzc mmolH*/g mmolOH/g %TOC mmol/kg

toC 1 -0,924™ 0,958 0,984 -0,943" 0,883™ -0,988™ -0,954™

%H -0,924™ 1 -0,970" -0,854™  0,962™ -0,673" 0,958™ 0,875™

pH 0,958 -0,970™ 1 0919" -0,990™ 0,730" -0,985™ -0,904™

pHpzc 0,984™ -0,854™ 0,919™ 1 -0,905™ 0,907 -0,960™ -0,922™

mmolH*/g -0,943" 0,962 -0,990™ -0,905™ 1 -0,692° 0,976™ 0,863™

mmolOH/g  0,883™ -0,673" 0,730 0,907  -0,692" 1 -0,800" -0,876™

%TOC -0,988™ 0,958™ -0,985™ -0,960™  0,976™ -0,800™ 1 0,940™

CEC, -0,954™ 0,875™ -0,904™ -0,922" 0,863 -0,876™  0,940™ 1
mmol/kg

** Twong quan co y nghia ¢ 0,01; *Twong quan c6 y nghia o 0,05

3.3. Can bang hap phu cia P Ién dat va dat
¢6 bé sung than sinh hoc

Két qua khao sat kha nang hap phu lan dé tiéu
trong dat do bazan (mau ddi ching) va dat do cé
b6 sung 4 % than sinh hoc c6 ngudn gdc tir phan
bo duge diéu ché & cac nhiét d6 300, 450 va 600
°C, Hinh 5, cho thay khi Co ting tir 0 dén 400
mgP/L thi dung luong hap phu q trong cac thi
nghiém déu ting va déu dat trang thai hip phu
bdo hoa theo cac diéu kién thi nghiém. Cu thé,
dung luong hiap phu ¢ ndng d6 dau 400
mgP/Lvéi dat khong bd sung than, b sung 4%
than 300, 450, 600 °C lan luot la 3,06; 3,11;
3,35; 5,09 mgP/g.

Dé danh gia hiéu qua hip phy, cic mé hinh déng
nhiét Langmuir va Freundlich da dugc sir dung,
Vi cac hang sé hap phu tuong tng va hé s6
trong quan (R?) duoc tom tit trong Bang 3. Két
qua cho thdy cac hé s6 tuong quan 1a cao (R?
dao dong 0,86 - 0,99) trong céc thi nghiém, nhu
vay, ca hai mé hinh déu dwoc xem 1a phi hop
dé giai thich sy hip phu lan d& tiéu trén dat do
bazan va dt do bazan c6 bo sung than dugc diéu
ché & cac nhiét 6 khac nhau. Két qua tinh toan
dung luong hép phu cuc dai theo md hinh
Langmuir duogc xem la phu hop véi két qua thyc
nghiém trong ca 3 truong hop.
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Két qua nghién ctru dung luong hap phu lan dé
tidu t6i da cua dit (mau ddi chung) va dit bd
sung than sinh hoc & cac nhiét d6 diéu ché, Bang
3, cho thay gitra dat va dat bd sung than sinh hoc
duoc diéu ché & nhiét do6 300 va 450 °C dao
dong rat nho. Két qua nghién ctru twong dong
v6i mot s6 nghién ciru trude do véi cac vat lidu
than khac nhau nhu trong nghién cuu cua
Hollister va cong su cho thdy khong quan sat
dugc sy hap phu P véi than sinh hoc ngéd duoc
san xuat ¢ nhiét do nhiét phan 350 va 550 °C
[30], cling nhu trong nghién ctru cua Yao va
cong su vai muoi ba loai than sinh hoc da duoc
thir nghiém trong cac thi nghiém hip phu P
trong phong thi nghiém va hau hét khong cho
thy bat ky xu huéng rd rang nao trong viéc hip
phu phdt pho [31,32]. Tuy nhién, khi d4t bd
sung than sinh hoc dugc didu ché & nhiét do 600
°C cho thiy dung luong hap phu téi da ting cao
(5,48 mg/g), két qua twong ddng véi nghién ciru
cua Ngatia va cong su cho rang khi bi nhiét phan
& nhiét d6 500 - 700 °C, su hap phu P ting, duoc
ly gidi do khi nhiét d¢ diéu ché than ting dan
dén tang pHpzc, ting ham lwong Mg?*, Ca?*
duéi dang 6 xyt , mit carbon Alkyl-O va tich tu
carbon vong c6 lgi cho sy hap phu P [32].
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c. Bat bd sung than sinh hoc 450 °C

d. P4t b sung than sinh hoc 600 °C

Hinh 5. Biéu dién dung heong hap phu P dé tiéu ciia dat va dat bé sung 4% than dwoc diéu ché ¢ cac
nhiét dé, c&c chir 229 thé hién su sai khdc c6 y nghia thong ké

Bang 3. C4c thdng so can bang hdp phu P dé tiéu cia dat va dat bé sung than

theo c&c nhiér do diéu ché

M hinh Vit li¢u go tinh toan, Théng s6 R? q thue nghiém,
mg/g mg/g
Dbat 2,97 K. =0,11 L/mg 0,99 3,06
Mb hinh  Dét —than 300 °C 2,97 Ki=0,06L/mg 0,99 311
Langmuir  Dat — than 450 °C 2,94 K.=0,16 0,98 3,35
Dt — than 600 °C 5,48 K.=0,08 L/mg 0,99 5,09
Théng s6
s I,
MOhInh b4t than300°C  Ke=0,37mglg ne=2,44 0,96
Freundlich  pt_than450°C  Ke=0,69 mglg  ne=3,28 094
DAt —than 600°C  Kr=0,67mglg nr=2,14 0,86

Két qua kiém tra ANOVA mét chiéu trén SPSS
20 cho thdy cac gia tri trung binh cua dung
lwong hap phu téi da trung binh (go) ctia Mau
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than dat, mau dét két hop 4% than 300 va 450
°C khéc biét khong c6 ¥ nghia thong ké, trong
v&i mau than 600 °C la khac biét c6 y nghia



théng ké. Két qua nghién ctu cho thiy dat do
bazan trong thi nghiém duoc cai tao véi 4% than
600°C lam tang kha ning hap phu lan dé tiéu va s&
duoc chon cho nghién ciru dong hoc tiép theo.
3.4. Pong hoc hip phu P dé tiéu 1én dat bd
sung than 600 °C

Dir ligu dong hoc cho thay sy hap phu ting
nhanh trong 3 gid dau tién, ting thém trong 2
gio ké tiép, sau d6 cham lai va sau 7 gio dat dén
trang thai can bang hap phu (Hinh 5). Bé danh
gia dong hoc hap phuy, cic mé hinh dong hoc gia
bac mot va bac hai da duoc sir dung. Cac hé sé
twong quan va cac gia tri dung luong hap phu
duoc tinh toan (Bang 5) chi ra rang mo hinh gia
bac 2 phi hop dé giai thich dong hoc hap phu
cta P 1én dat bo sung than sinh hoc duoc diéu
ché & 600 °C. Khdng thé str dung mé hinh gia
bac 1 vi cac hé sb tuong quan thap (R? = 0,87)
va kha niang hap phu do dugc tir thuc nghiém ge
(2,1 mg/g) rat khac so véi gia tri tinh toan tir md
hinh (0,7 mg/g), Bang 5. Két qua cho thay co
ché hap phu lan dé tiéu 1én dat c6 b sung than
sinh hoc 600 °C 1a hap phu hda hoc lién két dudi
dang cong két va trao ddi ion [33].
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Hinh 6. Méi quan hé giiza kha ndng hap phu
ciia P (mg/ g) lén ddt bé sung than 600 °C va
thoi gian t (gio), cac chiz 2¢ thé hién si sai
khdc 6 y nghia thong ké
Bdng 5. Tinh toan cac thdng sé dgng hoc hap
phu P trén dat bé sung than 600 °C

MO0 hinh grN
dong hoc Thong sb R? | mglg
hp phu
o k1 =0,077 (gio%); Qe =
Gia bac 1 0.77 mylg 0,87| 2,20
o k2 = 0,25 (g.mg*.gio"
Gia bac 2 ): qe = 2,32 malg 0,96| 2,20

4. KET LUAN
Tir céc két qua nghién cuu trén, cho phép rat ra
mot s6 két luan nhu sau:
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Dit do bazan (huyén Krong Bk tinh Pak Lik)
duoc thu tai vung trdng ca phé huyén Krong
Bk tinh Bak Lak va than sinh hoc ¢6 ngudn goc
tir vo ca phé da duoc didu ché & cac nhiét do
300, 450 va 600°C. Céc tinh chat hoa 1y nhu cua
dat (pH, OC, ham luong lan dé tiéu, d6 4m) va
than (hiéu suat thu hdi, OC, pH, pHpzc, 6 nhém
H*, OH", CEC) da dugc xac dinh. Két qua
nghién ciru cho thay cac thdng sé cua qué trinh
can bang hap phu phd hop véi mé hinh ding
nhiét Langmuir va Freundlich (R? dao dong
0,86 — 0,99), dung lwong hap phu lan dé tiéu tdi
da 1én dat (mau ddi chung), dat bo sung 4 % than
sinh hoc & cac nhiét do 300, 450 va 600 °C lan
luot 12 2,97; 2,97; 2,94 va 5,48 mg/g. Bdong hoc
qua trinh hap phu lan dé tiéu trong dit b sung
than sinh hoc ¢ nhiét @6 nung 600 °C tuan theo
md hinh déng hoc gia bac 2 véi cac hang sé van
téc k = 0,25 (g.mg™L.gioY), R? = 0,96. Két qua
nghién ctu cho thiy viéc sir dung than sinh hoc
tir vo ca phé duoc diéu ché ¢ 600 °C lam ting
qua trinh hip phu lan dé tiéu I&n dat do bazan
huyén Krong Bk, tinh Dak Lik 1a co co so.
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