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'Vién Hoa hoc cdc hgp chdt thién nhién, Vién Han lam Khoa hoc va Cong nghé Viét Nam (VAST)

? Trudng Héa va Khoa hoc Su séng (SCLS)

* Truong Pai hoc Su pham Ha Ngi 2

* Trudong Dai hoc Khoa hoc - Dai hoc Quéc gia Ha Noi

Tom tat:

V6 ca phé nhiét phdan va hoat héa tao vt liéu hdp phu caffeine hiéu qud thay thé si dung dung méi va
than hoat tinh nhdp ngoai loai caffeine trong nuéc, tao vit liéu méi hdp phu caffeine, kim logi ndng,
thudc trii sau, héa chdt va dugc phdm sii dung trong linh vic méi trudng va nang cao gid tri cho sdn
xudt ca phé, tao mé hinh xanh trong nganh sdn xudt ca phé va thuc phdm. Than sinh hoc vé ca phé (BC)
va than hoat héa (BC-K,CO,) da hdp phu caffeine tit dich chiét ca phé nhin chiia caffeine; do hiéu qud
hdp phu caffeine va phan tich. Theo dé, than sinh hoc nhiét phan ti vé ca phé (BC) va than hoat héa
v6i K,CO, 6 400°C la BC-K,CO, ddnh gid cdu triic vi mo bang kinh hién vi dién tii quét (SEM), quang
phd hong ngoai bién ddi Fourier (FTIR), khdo sdt hiéu sudt, ddnh gid khd ndang hdp phu caffeine va cdc
yéu té anh huéng dén qud trinh hdp phu. Diéu kién hdp phu t6i wu 6 nong do caffeine ban ddu < 0,025
g/mL, liéu lugng ding than sinh hoc 0,1 g/mL, trong thdi gian 120 phit. Qud trinh hdp phu caffeine
ctia BC va BC-K,CO, tudn theo ly thuyét hdp phu Freundlich (R’ > 0,992). Than sinh hoc BC-K,CO,
dat dugc dung lugng hdp phu téi da Qm la 33,74 mg/g1, cao hon so vdi than sinh hoc BC chua hoat héa
voi Qm 13,99 mg/g.

T khéa: Than sinh hoc, vo ca phé, chdt thdi ca phé, dién tich bé mdt, dung lugng hdp phu caffeine t6i da.

Ngay nhdn bai: 2/1/2025; Ngay stia chita: 4/2/2025; Ngay duyét ddang: 18/2/2025.

Study on the caffeine adsorption capacity of coffee husk
biochar activated by K,CO,

Abstract:

Pyrolyzed and activated coffee husks create an efficient caffeine-adsorbing material, serving as an alternative
to imported activated carbon and solvents for caffeine removal from water. This new adsorbent material can
also capture caffeine, heavy metals, pesticides, chemicals, and pharmaceuticals, contributing to environmental
applications. Additionally, it enhances the value of coffee production and promotes a green model in the
coffee and food industries. Biochar derived from the pyrolysis of coffee husks (BC) and activated carbon
(BC-K,CO,) adsorbed caffeine from green coffee extract containing caffeine are measured and analyzed for
caffeine adsorption efficiency. Accordingly, BC and BC-K,CO, at 400°C were analyzed for their microstructure
evaluation by scanningelectron microscope (SEM), Fourier transforminfrared spectroscopy (FTIR). Adsorption
performance, caffeine removal capacity, and factors influencing the adsorption process were also evaluated.
The optimal adsorption conditions were an initial caffeine concentration of < 0.025 g/mlL, a biochar dosage
of 0.1 g/mL, and a contact time of 120 minutes. The caffeine adsorption process of both BC and BC-K,CO;
followed the Freundlich adsorption isotherm model (R? > 0.992). The maximum adsorption capacity (Qm) of
BC-K,CO; was 33.74 mg/g, which was higher than that of non-activated BC, which had a Qm of 13.99 mg/g.
Keywords: Biochar, coffee husk, coffee waste, surface area, maximum caffeine adsorption.

JEL Classifications: Q56, Q57, Y10, O13, RI11.
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1. DAT VAN PE

Viét Nam la nudc xudt khiu ca phé Robusta hang
dau thé gisi, dong gop dang ké vao nén kinh t&€ quoc
gia. Qua trinh ché bién ca phé nhan tao thai ra dang
ké lugng vo ca phé trén 1 kg hat ca phé nhan. Lugng
vo nay lam than sinh hoc (Biochar) khi nhiét phan
6 nhiét do 300-700°C hodc hoat héa dung KOH,
H,PO,, CO,, hoi nudc tao vat liéu loc nudc, xtt ly khi
thai, hip phu caffeine, thudc trii sau, kim loai ndng,
xtt ly nudc thai, hip phu cac chit thom, dugc phdm
dién hinh la caffeine. Nhu cu cin vét liéu hap phu
caffeine thay thé cac phuong phap stu dung dung
modi htiu co doc hai va thay thé than hoat tinh nhap
khéu dat tién d€ hip phu caffeine trong phuong phap
dung nudc, than hoat tinh hap phu caffeine tao cac
san phdm ca phé khong chta caffeine danh riéng
cho nhiing nguoi nhay cam véi caffeine (hat ca phé
decaf). Nhiéu nghién ctiu dua ra hat va vo ca phé ctia
Viét Nam c6 chtia caffeine (Minh, 2022), tuy véay véi
nhiét do nhiét phan cao 400°C - 500°C trén nhiét do
phan huy caffeine va ddc biét c6 hoat hoa tic nhan
kiém K,CO, thi lugng caffeine con c6 thé ton du
thap, nhung c6 1¢i thé tao 16 rong x6p phi hgp va cac
nhém chiic héa hoc trén bé mat biochar sau hoat hoa
va thich hgp lam chét hip phu caffeine dé tham do
san xudt vat liéu hap phu caffeine trong nuéc thay thé
cac phuong phép loai bé caffeine dung dung moi hitu
cd nhu methylene chloride, chloroform hodc ethyl
acetate giai quyét van d€ moi trudng, giam du lugng
héa chat va chi phi. Phuong phéap chiét xuat caffeine
bing CO, siéu t6i han than thién v6i méi trudng hon
nhung yéu cau chi phi thiét bi dat, lam viéc v6i moi
truong ap sudt 16n (Peker, 1992) thi viéc nghién ctiu
st dung than sinh hoc néi 1én nhu mot giai phap bén
viing va ddy trién vong cac ndm gan day.

Elvio et al. (2022) chiing minh kha nang hap phu
caffeine cuia than 1a dua hoat hoa dat 73,83mg/g véi
diéu kién nhiét do nghiém ngat tai 700°C dat két qua
cao hon tht dat 9,2-15,4mg/g ctia Keerthanan et al.
(2020), Correa- Navarro et al. (2019) vdi than than
cay che va ba mia nhiét phan. Hién nay, it c6 nghién
ctu tdn dung vo ca phé, nhiét phan & diéu kién duéi
500°C va hoat héa K,CO, tao vat liu (BC-K,CO,)
dé phat trién vt liéu chi phi thip, tai ché vo, canh
cat tia, ba ca phé trong sdn xuit ca phé dong thai tao
vat liéu hap phu caffeine va xti ly caffeine trong nuéc
thai hiéu qua. Bai bdo dugc thuc hién nhdm tin dung
nguodn vat liéu phu phdm cua san xuét ca phé, nhiét
phan, hoat héa K,CO,, dénh gid kha nang hap phu
caffeine d€ lam co s cho cac nghién ctu tiép theo
tao vét liéu an toan thdn méi truong, hiéu qua hip
phu cao hon ¢6 1gi v€ moi trudng, kinh t€ va lam vat

liéu chinh trong san xuit san phdm ca phé decaf thay
thé than hoat tinh nhép khiu.

2. NGUYEN LIEU VA PHUONG PHAP

2.1. Nguyén liéu

Vo va hat ca phé nhan ving Cu Mgar, Dak Lak
thu nhén biochar va dich chiét chiia caffeine cho thi
nghiém.

2.2. Thi nghiém

- Phuong phdp thu than sinh hoc vé ca phé (BC)
va than hogt héa (BC-K,CO,): 3g v6 ca phé nghién va
len chat trong c6c¢ ¢ ndp va phan chdm trong diéu
kién yém khi téc do gia nhiét 100/phut, nhiét do dén
400°C, duy tri trong 30 phut thu biochar khong hoat
héa (BC). BC va K,CO, tron theo ty 1¢ khéi lugng
1:3, phan ting 2 gi®, nhiét phan nhu trén.

- Phuiong phdp chiét dich chiia caffeine tu ca phé
nhan: Ca phé nhan nghién, ngdm chiét nudc khtt ion
theo ty 1¢ 10 mL/g & 80°C trong 3 gio. Chiét xudt ca
phé chinh 6n dinh 6 pH = 6,3-6,7 va bdo quan & -4°C
dé thuc hién céc thi nghiém hip phu caffeine.

- Phuiong phdp do hiéu qud hdp phu cafeine: Thiét
lap thi nghiém vé€ anh hudng cta thoi gian tiép xtc
(10 - 180 phut) dén hiéu suat hap phu & pH =6,3- 6,7,
liéu lugng than sinh hoc dung 0,01-0,15 g/mL, toc
d6 khudy 100 vong/phiit. Anh hudng ctia liéu lugng
dung than sinh hoc dén kha ning loai bo caffeine
6 pH = 6,5, toc do khuay 100 vong/phut trong 120
phut. Nong do caffeine ban dau (0,01-0,27g/mL),
hiéu sudt hap phu thuc hién trong diéu kién tuong
ty, liéu st dung than sinh hoc 0,1 g/mL, t6c d¢ khuay
100 vong/phut trong 120 phut, tht nghiém ti€én hanh
& nhiét d6 thuong 32°C trong binh 6n nhiét.

- Phuong phdp phdn tich: Cau tric vi mo cua
than sinh hoc dugc phén tich bing ky thuit SEM.
Ph6 FTIR dugc thuc hién bang thiét bi Bruker
Tensor 27 IR (My) trong dai phd tit 400 cm™ dén
4.000 cm™.

Kha ning hdp phu caffeine dugc danh gia theo
moé hinh ding nhiét hip phu Langmuir (1) va
Freundlich (2):

C 1 1 !
=Gt (15 4, =K,C ()
QE Qm me

Trong dé: q, (mg/g) va C, (mg/L) 1a néng do
caffeine § trang thai cin bang trong pha ran va pha
long. Q  (mg/g) 1a dung lugng hap phu t6i da cta
vét liéu. b (kl/g) 1a hang s6 can bang lién quan dén
ning lugng hdp phu. k, va n la hing s6 cia m6 hinh
Freundlich. Kha nidng h4p phu c6 thé tudn mé hinh
gia dong hoc bac moét (3); bac hai (4) .
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log(q, —q,) =log(q,) -
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—= +—(?) (4)
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Trong dé: q, (mg/g) la dung lugng hdp phu tai
thoi diém t (phut). q_ (mg/g) la dung lugng hap phu
tai thoi diém cén bang. k, (phut) va k, (g/mg/phut)
1a hing s6 t6c d6 héap phu.

e

3.KET QUA VA THAO LUAN

3.1. Ddc diém ciia than sinh hoc

Hinh anh SEM (Hinh 1 va Hinh 2) cho thiay BC
c6 bé mat g6 ghé va BC-K,CO, hoat héa c6 bé mat
rong x60p, go ghé, nhiéu 16 x6p véi kich thudce trong
khodng 100 nm dén 300 nm (BC-K,CO,). Pac di€ém
nay giup vat liéu c6 kha nang hap phu va giti lai cac
chat 6 nhiém t6t. Qua trinh xu ly nhiét & nhiét do
cao c6 thé gay ra sy phan hiy cta cac thanh phin
nhu cellulose va lignin trong vét liéu, dong thoi lam
ma rong cdu tric 16 x6p va gop phan nang cao hiéu
sudt hap phu.

A Hinh 1. Hinh dnh SEM ctia BC

6 ‘ Moi trudng ss 2/2025

A\ Hinh 2. Hinh dnh SEM ctia BC-K,CO,

PhS FTIR (Hinh 3 va 4) cho thdy nhom chtic trén
bé mat ctia than BC-K,CO, ndm trong khodng tli 500
- 4.000 cm™. Nhém OH c¢6 trong cellulose, lignin,
nudéc hodc c6 théla dao dong hoda tri N-H trong amin
(bac mot, bac hai) va nhém carbohydrate cé dao
dong 3.400 - 3.600 cm™. Dao dong gan gia tri 1.700 -
1.750 cm™ cho thay lién két C=C hay carboxylic axit.
Dao dong trong khoang 1.300 - 1.000 cm™ cho lién
két C-O Vat liéu BC-K,CO, sau hap phu thdy c6 dich
chuyén dinh 3.400 cm™ do caffeine tao lién két H v6i
biochar, tao dinh 1.650 cm™ do C=0 ctia caffeine
bam vao bé mit biochar, hdp phu caffeine dién hinh
bang dao dong 1.539,15 cm™ dic trung cho C-N
trong vong purine la c6 caffeine hdp phu trén bé mit
vat liéu, giam dao dong 1.300-1.000 cm™ do caffeine
lién két v6i cdc nhom oxy héa ctia biochar BC-K,CO,
(Hinh 4).
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A Hinh 3. FTIR biochar vé ci phé BC-K,CO, truédc



Hinh 4. FTIR biochar BC-K,CO, sau hdp phu

3.2. Anh huiéng ciia thoi gian tiép xiic

Thi nghiém khdo sat anh hudng cua thoi gian
ti€p xdc dén hiéu suat xt ly caffeine thuc hién trong
khoang thai gian tii 10 dén 180 phut & pH 6,7. Hinh
5 cho thdy, sau 30 phut dau tién, toc d6 hap phu ting
chdm. Tt 30 dén 120 phut, t6c d6 hdp phu tiép tuc
tang, sau dan on dinh va dat trang thai can bang sau
120 phut vé6i ca BC va BC-K,CO;. Qua trinh hdp phu
nhanh ban dau 13 do caffeine thay thé€ ion duong trén
bé mit vat liéu. Trong giai doan tiép xic ban dau,
than sinh hoc cé nhiéu vi tri hdp phu tréng, nong
do caffeine trong nudc cao nhat, do d6 qua trinh hap
phu dién ra manh mé, dan dén hiéu suit hip phu
tang nhanh. Giai doan tiép theo c6 t6c d6 tang chdm
hon phan anh sy suy gidm qua trinh hap phu véatly do
dat trang thai can bing ion. Su gia taing chdm nay la
do qua trinh hép phu hoa hoc va khuéch tan caffeine
vao trong vat liéu va cac vi tri hoat dong dan bao hoa.

Hinh 5. Hiéu sudt hdp phu Caffeine theo thdi gian
ctia vat liéu BC; BC-K,CO,

Dong hoc hdp phu caffeine trinh bay trong Bang
1 va Hinh 6a,b. Bang 1 thdy hé s6 tuong quan R’
ctia vat liéu trong mo hinh gia dong hoc bac hai cao
(>0,999). bac biét, d6i véi BC-K,COs3, gia tri R dat
gid tri 1. Tuy nhién, gia tri q, thdc nghiém can dugc
so sanh vdi gid tri q tinh todn ti hai m6 hinh. M6
hinh gid dong hoc bac hai cho gia tri q, gan vdi gid
tri thuc nghiém hon. Do d6, c6 thé két luin rang qua
trinh xt ly caffeine phtt hgp v6i mo hinh dong hoc
gia bac hai.

3.3. Anh huéng cita liéu lugng than sinh hoc dén
kha ndng hdp phu

Thi nghiém thay ddi liéu lugng than sinh hoc
(g/mL) thuc hién & pH 6,7, thdi gian tiép xac 120

NGHIEN CcUU ‘

phut, ty 1é gitia khoi lugng vat liéu va thé tich dung
dich trong khoang tti 0,01 dén 0,15 g/mL. Hinh 7
thay hiéu sudt hdp phu caffeine taing nhanh déi véi
BC va BC-K,CO; khi liéu lugng than sinh hoc tang
tti 0,01 dén 0,1 g/mL. Khi liéu lugng than sinh hoc
tang 1én 0,15 g/mL, hiéu suit khong ting dang ké.
Liéu lugng than sinh hoc t&i uu d€ dat hiéu suit hap
phu cao la 0,1 g/mL. Khi lugng vat liéu cao hon,
dién tich ti€p xuc tang 1én, nhiéu caffeine bi hap phu
trén bé mat dén mot miic nhét dinh, kha nidng hap
phu caffeine khong ting dang ké do su chong lap
ctia cac 16p hép phu c6 thé che khudt cac vi tri hoat
dong, Hinh 7a.

Hinh 7a. Hiéu sudt, khd ndng hdp phu va ligng dung

vdt lieu BC, BC-K,CO,

Bang 1. Thong s6 moé hinh gia dong hoc bac 1,
bac 2 va mo hinh Langmuir, Freundlich

Vat liéu thit R
Thong s
mohinh | pc |BCK,CO,| BC BC-K,CO,
Gia bH
bac 1
k1 (L.min?) | 0,038 | 0,040 0,934 0,773
qel (mg.g") | 1,48 1,94
Gia bH
bac 2
kzrffr'l(,?)lg' 0624 | 1,758 0,999 1
qe2 (mg.g’) | 1,48 1,94
Langmuir
b (L.mg') | 0,029 0,015 0,864 0,806
Qm (mg.g") | 13,99 33,74
Freundlich
K (mgg!) | 1,199 | 1,197 0,992 0,963
n 0,834 0,692
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Hinh 6a. M6 hinh gid dong hoc béc 1 hdp phu caffeine
cua BC, BC-K,CO,

sBC - 2C0OY mBC

™
- .
L]
Hinh 6b. M6 hinh gid dong hoc bdc 2 hdp phu caffeine
cua BC, BC- BC-K,CO,

Trong giai doan ti€p xtic ban dau, than sinh
hoc ¢6 nhiéu vi tri hp phu trong, ndng do caffeine
trong nudc cao nhdt, do d6 qua trinh hip phu dién
ra manh, hiéu suit xt ly ting nhanh. Giai doan tiép
theo t6c do tang cham hon phan anh sy suy giam ctia
qua trinh hap phu vét ly do dat trang thai can bang
ion va do qua trinh hip phu hoéa hoc va su khuéch
tan cta caffeine vao bén trong vét liéu, sau do6 cac vi
tri hoat dong dan bao hoa.

3.4. Anh hudng nong dé caffeine ban diu dén
kha ndng hdp phu

Dbé danh gia anh hudng ctia ndng do caffeine ban
dau, cac thi nghiém dugc thuc hién véi vat liéu BC va
BC-K,CO:; 6 liéu lugng dung than sinh hoc 0,05 g/
mL, toc do khudy 100 rpm trong 120 phut. Nong do
caffeine ban dau dugc khao sat trong khoang tti 0,02
dén 0,27 g/mL. Hinh 7b cho thdy hiéu suat hdp phu
ctia BC va BC-K,CO:; l4an lugt dat 75,1% va 89,7%.

Khi noéng do caffeine ban dau tang tii 0,02 lén
0,27 g/mL, hiéu suat hap phu giam ti 75,1% xudng
30,3% doi véi BC va tui 89,7% xuong 41,6% doi véi
BC-K,COs. Nguyén nhén la do kha nang hdp phu
toi da ctia vat liéu bi giéi han. Khi bé mat vat liéu
khong con du vi tri hdp phu d€ hip phu caffeine, ting
ndng do caffeine trong khi giti nguyén liéu lugng vat
liéu sé lam tang lugng caffeine tu do, trong khi lugng
caffeine da hap phu khong thay ddi, dan dén hiéu
sudt hap phu giam dan.

8 ‘ S62/2025

Dang nhiét hdp phu caffeine: Cac nghién ctiu vé
can bang hép phu cho thdy kha nang hdp phu cta
than sinh hoc mé ta bing mo6 hinh Langmuir va
Freundlich. Két qua thi nghiém dugc trinh bay trong
Bang 1, Hinh 6ab, cdc hang s6 dugc thé hién trong
Bang 1. Mtic d6 pht hop gitia mo hinh va di liéu
thuc nghiém danh gid thong qua hé s6 tuong quan
R* Hé s6 R? trong Bang 1 cho thdy qua trinh hip phu
caffeine phu hgp véi ly thuyét hap phu Freundlich
déi véi ca BC va BC-K,CO; (R? 14n lugt 13 0,992 va
0,963).

Hinh 7b. Hiéu qua hdp phu caffeine ctia vdt liéu BC,
BC-K,CO, va nong do caffeine ban ddu

Theo mo6 hinh Langmuir gid tri R* ctia ca hai loai
vat liéu déu nam trong khoang tii 0,8 dén 0,9. Diéu
nay cho thdy, qua trinh hap phu ctia than sinh hoc BC,
BC-K,CO, khong chi tudn theo mo hinh tuyén tinh
hodc bao hoa ma con phu thudc vao khoang nong
do hoat dong. Co ché hip phu caffeine c6 thé dién
ra theo ca co ché don 16p, da 16p. Qua trinh hap phu
caffeine c6 thé khong tuan theo mot co ché hdp phu
duy nhét, ma c6 thé két hgp nhiéu co ché khac nhau
nhu trao d6i ion, hip phu héa hoc (chemisorption)
va tao phtic (complexation). Do do, viéc st dung md
hinh hdp phu Langmuir hodc Freundlich chi cung
cdp mot mo ta tuong doi vé qua trinh hdp phu ctia
vat liéu thuc nghiém.

AP

Hinh 8. M6 hinh Langmuiir

Hinh 9. M6 hinh Freundlich



3.5. Khad nang hdp phu caffeine cdc ctia biomass

Cac nghién ctiu trudc day N. Elvio, Keerthanan,
Correa-Navarro da danh gia kha ning hip phu
caffeine ctia than sinh hoc biomass tii vo mia va than
cay cheé c6 kha ning hap phu caffeine ti 3,52 - 15,4
mg/g, O. Muter, 2019 cho biét biochar mun cua hip
phu caffeine 13,2 mg/L trong nudc thai, nghién ctiu
st dung biochar vo ca phé hoat héa bing K,CO; &
400°C, dé dang san xuit than sinh hoc va ché tao
thiét bi san xuat than sinh hoc tai dia phuong va ting
dung lam vat liéu hap phu caffeine va dat kha ning
hap phu cuc dai dat 33,74 mg/g, cao hon so véi doi
chiing chi dat 13,99 mg/g.

Bang 2. Than biochar va hiéu qua hap phu caffeine

Co m S Qe
BC H
(mg/l) | (g) | (m¥/g) | (mg/g) | P
BC [Correa, 2019]
%rggc 2h 100 10 - 9,12 2
[Elvio, 2019]
B%‘SOC >h 50 1 576,09 15,4 3,5
6 ciohe 2-27 5 <10 | 13,99 | 65
BC—K2C03 2-27 1 <70 33,74 6,5

4, KET LUAN

Phu phim ca phé déi dao cé tiém nang san xudt
vat liéu hdp phu BVMT va tang gia tri sin phdm ché
bién ctia nganh hang ca phé Viét Nam, gép phan ting
pho véi bién d6i khi hau. Biochar vo ca phé hoat hoa
BC-K,COj; ¢6 bé mat tho va nhiéu 16 x6p véi kich
thudc tit 100 nm dén 300 nm, st dung véi lugng 0,1g/
mL, thdi gian hdp phu 120 phut, nong d cafteine dau
thap hon 0,025 g/mL, cho hiéu sudt hap phu dat trén
89,75%. Kha ning hép phu caffeine ctia than sinh hoc
BC-K,CO; pht hgp véi ly thuyét hap phu Freundlich
v6i hé s6 tuong quan cao R? (>0,992). BC-K,CO; thé
hién dung lugng hip phu t6i da (Qm = 33,74 mg/g)
cao hon mau d6i chiing BC (Qm = 13,99 mg/g) cung
ché do nhiét phan khong hoat hoa K,COs. Nghién ctiu
mo ra hudéng phat trién méi vat liéu hip phu caffeine
ti vo, canh cit tia, ba ca phé tao cic san phdm méi cd
gia tri kinh t€ cao, thuc ddy kinh té tudn hoan. Thoi
gian t6i, can c6 thém nghién ctiu t6i vu hoéa san xuét
biochar (m& rong nguyén liéu biomass, ché do nhiét
phén, hoat hoa) dé€ tao vt liéu xanh hdp phu chon
loc va tang hiéu qua vat liéu. Déc biét, can c6 chinh
sach khuyén khich nghién ctiu cc san phdm xanh va
ddy manh ting dung, thuong mai héa va ho tr¢g doanh
nghiép, don vi san xudt thuc hién cac mo hinh kinh té
tuan hoan, san phdm xanh tu tai st dung phu phdm
san xudt ca phé, ché bién thuc pham co lgi cho moi
trudng, stic khoe va tao gia tri gia tdng, uy tin cho cac
nganh hang san xuat cua Viét Namm

Thiét bi sdn xudt vat liéu biochar quy mé ho cho

thii nghiém tai Cu Sué - Cu Mgar - Dak Lak

Loi cadm on: Nghién ciiu do Vién Han lam Khoa
hoc va Cong nghé Viét Nam tai trg cho hoat dong ctia
Nghién ciiu vién cao cdp, ma NCVCCO07.08/24-24
vé nghién ciiu khad nang hdp phu caffeine trong niidc
bang than sinh hoc vé ca phé va Nghién ciiu cong
nghé decaf st dung than sinh hoc tudn hoan dich
chiét va tdi sii dung chdt thdi tai cdc co s6 san xudt
ca phé quy mé nhé tai Pak Lak do UBND tinh Dak
Lak tai trg.
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