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Nghién ciru phat trién thiét bi danh gia d on dinh cia phan bon hitu co
dwa trén phwong phap xac dinh lwong oxy tiéu thu theo nguyén tic do 4p suat
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Tém tit:

Phén bén hiru co hay phian compost/phin @ 13 sin phdm quan trong trong xu hwéng phat trién nong nghiép cong
nghé cao hién nay. Pd 6n dinh ciia loai phan nay khong chi 12 mot thong sé chét lwegng quan trong ma con cé thé
dwgc sir dung dé theo doi hiéu qua clia qua trinh @ (composting). Nghién ciru nay da phat trién duwge mdt thiét bi
danh gia d¢ 6n dinh ciia phan compost dwa trén phwong phap do lugng dxy tiéu thu sir dung nguyén tic do ap suit.
Thiét bi tw ché tao nay c6 thiét ké cai tién, khic phuc dwgc nhwrge diém con ton tai trong cac thiét bi do thwong mai
c6 cung nguyen ly hoat dong, trong d6 mAu compost dwgce chira trong cac gia dé mau dat gitra binh trong khi khi CO,
sinh ra dwgc hép thu boi dung dlch KOH ¢ day binh. Thiét bi c6 kha ning hoat dong dgc 1ap voi dir liéu duoge ghl
trén thé nhé ma khéng can két ndi véi may tinh. Sau khi ché tao, thiét bi da dugc kiém tra hoat djong trong phong
thi nghiém dé danh gia lrgng 6xy tiéu thu ciia 2 miu phian compost thuce té. Két qua cho thiy, 2 miu nay déu dap
irng dwge quy dinh vé dd 6n dinh ciia phan compost theo tiéu chuin Lién minh chau Au véi lwgng dxy tiéu thu trong
4 ngay (AT4) nhé hon 10,0 mg O,/g compost.

Tir khéa: AT4, do ap suit, dd 6n dinh, oxy tiéu thy, phin bén hiru co.
Chi sé phdn logi: 2.7

Dat van dé dinh d¢ 6n dinh cua loai phan ndy [4]. Trong phuong phap do ho
hép, ¢6 3 k§ thuat thong dung, gdm: phép do nhiét do, lwong CO,
tao thanh va O, tiéu thu. Trong do, k¥ thuét do lugng O, tiéu thu
dugc chép nhan rong rai hon ca va cho biét chinh x4c céc thong tin
vé& mirc do hoat dong cua vi sinh vat trong phan compost. Day cling
1a phuong phéap dugc sir dung trong céc tiéu chuan cia My dé xac
dinh d¢ 6n dinh cua phan compost [5].

Phén bén hitu co hay phan compost/phan @ 1a san pham tao
thanh sau qua trinh phan huy sinh hoc cta céc chat hitu co boi cc
tap doan vi sinh vat, c6 bé ngoai giéng nhu mun, xép, giau dinh
dudng, dugc st dung lam phan bon va cai thién chat luong dat [1].
Do 6n dinh 1a mot tidu chi quan trong dé danh gi4 chat luong cua
phan compost trude khi dua vao sir dung. Do on dinh c6 thé dugc
dinh nghia 1a mtrc do phan hiy cia vat lidu hiru co, dic trung cho Gia tri lugng O, tiéu thu dugc sir dung dé theo ddi hoat dong
hoat dong ctia céc vi sinh vt trong phan compost [2]. Phan bon  sinh hoc trong didu klen hiéu khi va dugc p dung dé danh gia do
hitu co chwa 6n dinh chita céc vi sinh vat dang hoat dong manh, on dinh cia phan compost twong tu nhu phép do nhu cAu oxy sinh
qué trinh phan huy van tiép dién, c6 thé tao ra cac mam bénh va hoa (BOD). Viéc do lugng Oxy tiéu thu co thé dugc thyc hién theo
mui khé chiu, anh huéng t6i sy ndy mam ciing nhu sinh truéng nguyén tac do ap suat hodc dién hoa. Trong do, viéc do dp suat co
ctia cay. Khong chi 1a mét thong sé chat lugng quan trong, do on  the thuc hién mt cach don gian va c6 chi phi thap hon. Lugng oxy
dinh con ¢6 thé duoc sir dung dé theo dbi hiéu qua cua qua trinh tlé}l thy trong truong hop do 4p sudt co thé dugc tinh theo cong
i ciing nhu dimg dé so sanh giita cac phuong phap san xuat phan ~ thuc saw:
compost khac nhau [3].

0c = Amg, _ Mo, x Ang, _ Mg, XVgxAP (1)
Do qua trinh 0 ciing nhu hoat dong str dung trén thyc té déu Meompost - Meompost  RXTXMcompost

dién ra trong diéu kién hiéu khi, nén do ho hap 1 phuong phap  trong d6: OC: luong tiéu thy 6xy (mg O,/g compost kho); m,, -
pho bién nhat dé danh gia hoat dong cua vi sinh vat trong phan  khdi luvong ciia mau phan compost kho (g) Mo, kh01 luong mol

compost, hay néi cach khac 1a phuong phap thich hop nhit dé xic ~ phén tir clia 6xy =32.000 mg/mol; Ano,: bién thlen vé s6 mol cua
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Abstract:

Organic fertilizer or compost is an essential product in
the current trend of high-tech agricultural development.
Compost stability is not only an important quality
parameter but can also be used to monitor the efficiency
of the composting process. This study developed a device
to evaluate the stability of compost based on the oxygen
consumption method using the principle of pressure
measurement. This homemade device has improved
design, overcoming existing weaknesses in commercial
equipment with the same operating principle. In which,
the compost sample is put in the containers placed in the
middle of the bottle while the produced CO, is absorbed
by the KOH solution at the bottom. The device is capable
of working independently with the data recorded on
the microSD card without connecting to a computer.
The device is operationally tested in the laboratory to
assess the oxygen consumption of two actual compost
samples. The results showed that these samples both
meet the EU’s regulations on compost stability with
oxygen consumption in 4 days (AT4) less than 10.0 mg
O,/g compost.

Keywords: AT4, compost, oxygen consumption, pressure
measurement, stability.

Classification number: 2.7

TAP CHI

HOA HOC

NGNGHE |e Nam 63(11DB) 11.2021

Khoa hoc Ky thuat va Céng nghé

oxy (mol); Vg: the tich cua pha khi trong binh phan tmg (1); 4P
bién thién vé 4p suét trong binh phan tmg (mbar); R: hing so khi Iy
tuong =83,14 (mbar.l/mol/K); T: nhiét d¢ (K).

Lugng o6xy tiéu thy thuong duge tinh trong 4 ngay va ky hi¢u
1a AT4 (hodc RI4, twong ty BOD5). Theo céc tiéu chuan ciia Lién
minh chau Au (EU), phan hitu co dugc coi 13 6n dinh khi ¢6 gi4 tri
AT4 khong vugt qué 10,0 mg O,/g compost (kho). Gia tri AT4 theo
quy dinh ciia Pirc va Ao 12 5,0 mg O ,/g compost [3].

Hién nay, da co mot 50 thiét bi thuong mai danh gia d¢ 6n dinh
cua phan compost dua trén k¥ thuat do lugng oxy tiéu thy, trong
d6 2 thiét bi sir dung hai nguyén 1y do khac nhau dwgc dung pho
bién nhét la OxiTop (do 4p suét) va Sapromat (dién hoa). Arias va
¢s (2012) [6] da str dung thiét bi Sapromat & do do 6n dinh cuia cac
mau phéan compost ¢6 thanh phan bin ky khi tron 1an véi sdy sau
khi 1 90 ngay. Binner va cs (2012) [7] da str dung dong thoi thiét
bi Sapromat va OxiTop dé do AT4 voi mot luong 16n mau, khong
chi phan compost (28 miu) ma con gdm cac mau tir nha méay xi Iy
chat thai (74 mau), bai chon lap rac thai (42 mau), san xuét biogas
(6 mau), rac thai d6 thi (19 mau). Két qua cho thiy, c6 mbi twong
quan tuyén tinh manh giita hai thiét bi (hé s twong quan 1a 0,993).

Trong nude ciing da c6 nhimg nghién ctru danh gia chat lugng
ctia phan compost [8-11], tuy nhién hau hét cac nghién ciru nay
déu chi tap trung vao do hoai ma chua quan tim nhiéu t6i o 6n
dinh. Ngoai ra, hién chua c6 nhom nghién ctru nao ¢ Vit Nam
phat trién cac thiét bi dé danh gia do 6n dinh cta phan compost.
Tiéu chuan Viét Nam [12] dua ra chi tiéu dua trén k¥ thuat do nhiét
d6 va c6 thé coi 14 tiéu chuan danh gia vé d on dinh. Tuy nhién,
khong c6 quy dinh chit ché vé khoang cho phép ciia bién dong
nhiét d9. Lé Thi Kim Oanh va cs (2015) [13] da st dung k¥ thuat
do nhi€t do nhung dya theo Tiéu chuan chau Au v6i bién d9 nhiét
cho phép +5°C dé danh gi4 do on dinh ctia phan compost tao ra tir
bun thai nha may xir 1y nudc thai ché bién ¢4 da tron. Viée sir dung
k¥ thuat do nhiét d6 mac dit don gian nhung c6 thé dua dén két qua
kém chinh xac hon so védi k¥ thuat do lugng 6xy tiéu thu.

Tuy di ¢6 cac thiét bi thwong mai (dua trén nhitng nguyén tic
khac nhau, tiéu biéu la Sapromat va OxiTop), nhung ching déu
¢6 han ché 1a gi4 thanh cao. Hoat dong cua thiét bi Sapromat dién
ra ty dong nhung phirc tap. Bén canh d6, mac du dé st dung hon,
nhung thiét ké cua thiét bi OxiTop con ¢ nhimg nhugc diém cén
khéc phyuc nhu: mau compost dugc dat dudi day binh va khi CO,
sinh ra dugc hap thu boi KOH dang ran hoic dung dich dat trong
mot b phan chtra nam phia trén binh. Thiét ké nay co nhiéu han
ché boi: i) KOH dit & phia trén binh khién cho viéc trao doi khi
dién ra kho khan hon do han ché vé dién tich tiép xuc va khong
thé khudy tron; ii) DOi v6i nhimg méau compost chura 6n dinh, CO,
sinh ra 16n, lugng KOH st dung bi gidi han boi bd phan chira nho
¢6 thé khong du dé hap thu triét dé luong CO, sinh ra.

Nghién ctru nay duoc thyc hién voi muc tiéu phat trién mot
thiét bi danh gia do 6n dinh ciia phan compost dua trén phuong
phdp do lugng 6xy tiéu thu theo nguyén tic do 4p suat (goi 1a
thiét bi do compost). Do ¢6 nhiéu sy tuong dong vé nguyén ly
hoat dong, thiét bi do compost dugc phat trién dwa trén co s thiét
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bi BOD ty ché tao trude d6 [14, 15], dong thoi khic phuc nhiing
nhuge diém vé thiét ke hién c6 trén thiét bi thuong mai OxiTop.

Thuc nghiém
Thiét bi, dung cu va héa chit

Cac linh kién dién tir duoc st dung dé ché tao thiét bi bao
gdm: vi diéu khién AVR2560 (Atmel, My), cim bién do ap suit
HSCSAAN160MDAAS (Honewell, M), bd chuyén doi tin hiéu
twong tu - s (ADC) ADS1256 24 bit (Texas Instrument, My),
cam bién do nhiét d6 DS18B20 (Maxim Integrated, M§), chip tao
thoi gian thye DS3231 (Maxim Integrated, My), man hinh hién
thi LCD 16x2 ky tu (Hitachi, Nhat Ban), thé nhd microSD 16 GB
(Samsung, Han Qudc) va b cap ngudn 12 VDC.

Binh thuy tinh 1 1 (Duran, Dtrc) dugc st dung lam binh phan
ung. Nap binh dugc ché tao tir vat li¢u polyoxymethylene (POM)
c6 gan gia dé mau lam bang inox 304.

Hoa chit KOH rén (98%, Samchun, Han Qudc) dugc sir dung
dé hap thy CO, sinh ra trong cac thu nghlem danh gia hoat dong
ciia thiét bi trong phong th1 nghiém. Mot s dung cy va thiét b
phu trg khac bao gom ti u 6n nhiét FOC 245E (VELP Scientifica,
Y), can phan tich 4 s6 (KERN, Pirc), méy loc nu6e deion Milli-Q
(Merck Millipore, D).

Lay mdu

Miu phan bén hitu co thi nghiém gdm phan bo @ hoai va trin
qué nguyén chat xuat xu Viét Nam; moi mau c6 khoi luong 2 kg,
dugc dat mua tir cira hang vat tu phan bon trén dia ban Ha Ngi.

Phat trién thiét bi

Vigc phat trién thiét bi dwoc tién hanh theo cac bude tuong
tw nhu trong cac nghién ciru trude ddy [14]. Bén canh sy ké thira
(st dung ctng binh do va cam bién do 4p suit) nhu trong thiét
bi do BOD-pH [15], mét s6 thay dbi dang ké trong thiét ké hé
thong mach dién tir da dugc thuc hién nhdm dap tng céc yéu
cau voi dbi tuong méi, bao gdm: st dung mot mach bo chuyen
ddi twong tu - s6 (ADC) 10, tich hop thé nhd microSD dé luu
trir s6 liéu, thay d6i cam bién do nhiét do. Ngoai ra, mot IC ciing
duoc thém vao hé théng nham 1éy thoi gian thyc tai thoi diém
s6 liéu duoc do. Pién cuc do pH ciing dugc loai bo do mau do
1a loai ran. Cam bién do ap suét duoc hiéu chuan dé chuyén doi
tin hi¢u dién thanh tin hiéu ap suét. Viéc hiéu chuan nay dugc
thue hién tai Vién Do luong Viét Nam, twong ty nhu nghién ctru
trude day [14, 15].

Bén canh d6, nhim khic phyc cac nhugc diém cua thiét bi
OxiTop cho compost thuong mal mau compost trong thiét bi
moi dugce dat trong cac gla dé mAu nam ¢ gitra binh do va dung
dich KOH st dung dé héap thu CO, duge bom vao dudi day binh.
Gia dé mau nay dugc ché tao méi bang inox, thay thé cho bd
phan hap thy CO, trong thiét bj BOD-pH. So d6 cua thiét bi
dugc trinh bay ¢ hinh 1.
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Binh thay tinh 11
R

Hinh 1. So’ db thiét bi danh gia do én dinh cia phan compost.

Thiét bi do compost

B6 phan dién tir

Thir nghiém hoat dgng ciia thiét bi trong phong thi nghiém

Sau khi ché tao va hiéu chun, thiét bi do compost dugc danh
gia hoat dong trong viéc xac dinh do 6n dinh cta 2 mu phan bon
hitu co trong thyc té. Lugng phan compost sir dung 1a 10 g va
lugng CO, sinh ra dugc hép thu boi 250 ml dung dich KOH ndng
d6 0,25 M Toan b thiét bi (binh do va bo phan dién tr) dugc dat
trong tu  BOD va giit ¢ nhiét d¢ 20°C trong vong 4 ngay. Tu két
qua chénh Iéch ap suit trong binh va nhiét do, lugng oxy tiéu thu
duogce xac dinh. Céc s6 liéu thuc nghiém va két qua dugc tinh toan
trén phin mém Microsoft Excel phién ban 365 (Microsoft, My).

Két qua va thao luan
Két qud phdt trién thiét bi

Thiét bi do do 6n dinh ctia phan bon hitu co (thiét bi do
compost) gom 2 phan chinh: binh do va bg phan dién tir diéu khién
(hinh 1). Bo phan dién tir didu khién 1a noi ghi nhan, xu Iy s6 liéu
thu duoc tir cac cam bién ap suat va nhiét do. Nhu d trinh bay,
do su twong dong vé nguyén tic do, cam bién do ap sudt dugc
str dung trong thiét bi do compost twong tu nhu trong thiét bi do
BOD-pH ty ché tao (HSCSAAN160MDAAS cta Honeywell, My,
voi khoang do tir -160 tdi +160 mbar, d chinh xac +0,25%) [15].
Trong thiét ké méi nay, thay vi st dung bo ADC ndi (10 bit) tich
hop trong vi diéu khién, mot b chuyén dbi twong tw - s6 ADC
ngoai véi do phan giai cao hon da dugc sir dung nham ting cuong
do nhay ¢ ving ap suét thip. Bo chuyén dbi ADC ADS1256 (24
bit) cua Texas Instruments da duogc Iya chon. Bén canh do, cam
bién do nhiét d¢ ciing dwgc thay doi dé c6 thé dat trong binh do
thay vi dit trén mach dién tir. Cam bién sir dung trong nghién ctru
ndy 1a DS18B20 (Maxim Integrated, M) c¢6 khoang do -55 dén
125°C va sai s6 £0,5°C khi do ¢ dai -10 dén 85°C, hoan toan dap
{mg duoc khoang 1am viéc cua thiét bi (thuong do & 20-37°C [6,
7]). Ngoai ra, mgt IC thoi gian, DS3231 (Maxim Integrated, My)
hoat ddng véi kiéu dao dong bu nhiét o (TCXO) & tan sb 32,768
kHz ciing dugc thém vao nhim ldy thoi gian thyc tai thoi diém sb
liéu dugc ghi nhan. Mot thay doi quan trong khac vé mit dién tir 1
thiét bi ¢6 thé van hanh doc 1ap véi két qua duoc luu lai trong thé
nh¢ (microSD Evo plus, Samsung, Han Quoc) dung lugng 16 GB
gin trén mach dién tir thay vi phai két ndi voi mdy tinh nhu trude.
So db nguyén ly cua bo phan diédu khién duoc thé hién & hinh 2 va
hinh anh thyc té cua bo phan dién tir sau khi hoan thié¢n dugc minh
hoa ¢ hinh 3.
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Man hinh Cém bién nhiét do
LCD 16x2 DS18B20
Vi diéu khién
AVR2560 —_—
Thé nhé B4 chuyén déi mrong tiz - 56
microSD 16G \ ADS1256
IC thdi gian thye Cam bién &p suat
DS3231 160MDAAS

Hinh 2. So’ d6 nguyén ly ctia bo phan dién ti.

Hinh 3. B§ phén dién tir diéu khié:-n cua thiét bi do compost. (1) Ngudn 9
VDC; (2) Cém’bién do nhiét do; (3) Ong dan khi ndi véi dau doi chieu cla cam
bién do ap suat; (4) Ong dan khi noi dau do clia cam bién do &p suat vgi binh
phan ¢ng; (5) man hinh LQD; (6),Cém bién dc? ap syét; (7) Bo ADC ngoai; (8)
Thé nhé microSD; (9) Vi diéu khién; (10) Bo dong ho thoi gian thie.

Trong céc thiét bi do compost thuong mai nhu OxiTop, mau
phan bon hiru co duge dat dudi day binh do va khi CO, sinh ra
dugc hép thu boi dung dich KOH dit trong mot bo phan chua
nam & gitra binh. Nhu da phan tich, viéc dat dung dich KOH &
phia trén nhur vy c6 thé dan dén kha nang hép thy CO, kém hi¢u
qua do thiéu sy khuay tron va han ché vé dién tich tlep xuc. Gidi
phap & ddy 1a thay doi cach tién hanh thiét ké cua binh do trong
d6 méau phan bon hitu co s& duoc dit trén mot gia do nam giita
binh, khi CO, sinh ra s& dugc hép thy bing dung dich KOH &
day binh. Dung dich nay s& dugc khudy tron lién tuc bang mot
may khudy tir dé ting cuong kha nang hip thu CO, , dong thoi
tiry thudc vao te do khuay ma c6 thé tao sy xdo tron trong pha
khi, gitip qua trinh trao d6i khi dién ra hiéu qua hon.

Gia dé mau duoc ché tao bang vat liéu inox 304 dé han ché
sy 4n mon trong moi truong kiém dic. Gia nay gdm hai khay
chtra c6 hinh dang va kich thudc twong dwong nhau (duong kinh
day 60 mm, chiéu cao thanh 10 mm, day 3 mm) (hinh 4A). Diém
khac biét duy nhét 1a mat day cua khay phia trén dugc duc cac
16 voi duong kinh 1 mm. Viéc sir dung mat day véi 16 duc nhdm
tang cuong kha ning trao doi khi cia mau véi khong khi trong
binh. Khay thir hai c6 vai tro himg dung dich chay xudng tir phan
chira miu phia trén, tranh lam nhiém ban dung dich KOH phia
dudi, dong thoi ciing co thé sir dung dé chira thém mau. Véi kich
thudce di cho, mdi khay c6 thé chira dugc 10-15 g méu.
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(A) (B)
Hinh 4. Hinh anh ndp binh va gia dé& mau trong thiét bi do compost
(A), thiét bi do compost da phat trién (B).

Hai khay chita mau dugc gén véi ndp binh do nhd mot ong tru
bing inox 304. Ong try ndy ¢6 cac vong ren & hai ddu, mot dau bat
vao nap binh, dau con lai ding dé gin khay chita miu nho vong
ren va dc. Cac bo phan cua thiét bi sau khi ché tao dugc két ndi voi
nhau dé tao thanh thiét bi do hoan chinh nhw minh hoa & hinh 4B.

Két qua thir nghi¢m thiét bi

Piu ra clia cam bién do ap suat 1a tin hiéu dién (mV), vi vay,
sau khi le’ip dat, cam bién do ap sut dugc hiéu chuan nhim Xy
dung duong chuan biéu didn mdi quan hé giira tin hiéu dién dau
ra va gia tri ap suat dau vao. Viéc hiéu chudn dugc thuc hién tai
Vién Po luong Viét Nam. Hé s6 twong quan tuyén tinh R*=0,999
cia dudng chudn thu dugce [y = 0,0124x + 2,4666 v6i x 1 4p sudt
(mbar) va y la dién thé (V)] chimg to gia tri ap sudt ddt vao va tin
hiéu dién thu duoc co su tuyén tinh cao.

Sau khi hiéu chuén, thiét bi do compost dugc Gmg dung dé
d4nh gia @6 on dinh cta 2 miu phan bon hitu co trén thi truong
thong qua viée do AT4. Céc két qua dugc thé hién & hinh 5 va 6.

Thoi gian (gio)

‘Thoi gian (gio)

4p suit (mbar)

—e—Delta P (ubar) —e-Nhiét d3(°C)

~e-Delta P (mbar) ~=Nhiét d9(°C)
(A) (B)

Hinh 5. Sw thay ddi ap suat va nhiét do trong binh trong thir nghiém
danh gia do én dinh ctia mau phan bo G hoai (A) va trun qué (B).

Phén bo i hoai Phin trimn qué

o oo

2/2)

OUR (mg/g

20 10 60 80 100
Thoi gian (gio)

0 20 40 60 80 100

Thvi gian (gi)

(A) (B)
Hinh 6. AT4 ctiia mau phan bo 0 hoai (A) va trun qué (B).
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Dua vao d6 thi ¢ hinh 5 va 6 c6 thé thay ring, mau phan bo 0
hoai ¢6 sy tang déu din v& luong Oxy tiéu thy, trong khi mau tran
qué ¢6 sy ting manh vé luong Oxy tidu thy trong nhimg gio dau,
sau d6 giam dan trong cac khoang thoi gian tiép theo. Sw khac biét
¢ thé t6i tir ban chét chat hitu co ciing nhu sy khac nhau vé tap
doan vi sinh vat trong 2 miu. Mau phén trin qué c6 gia tri AT4
nho hon so véi mau phan bo u hogi, lan luot 14 3,7 va 5,2mg Ol/g
compost. So sanh vdi cac ti€u chuan quy dinh thi ca 2 mau nay déu
dap g duoc tiéu chuan cua EU, nhung chi c6 mau phén trin qué
dap mg duoc tiéu chuin cia Dc. Luu ¥ ring, tai Viét Nam chua
¢ céc quy dinh cy thé vé do on dinh (lugng 6xy tiéu thy) cho phan
compost, do vy, trén bao bi ctia cic mau phan hitu co trén ciing
khong daé cdp tdi cac gia tri ndy. Mdc du vay, co thé két luan rﬁng,
ca 2 mau phan compost nay déu c6 d on dinh tot khi dap tmg duoc
quy dinh cua EU.

Két luan

Trong nghién ctru nay, thiét bi do lugng dxy tiéu thu dbi voi cac
mau phan compost da dugc ché tao thanh cong dua trén nguyén
tic do ap sudt. Thiét bj duoc phat trién trén co so ké thira, dong
thoi cai tién, khéc phuc céc han ché cua céc thiét bi do BOD da tu
phét trién trude d6 ciing nhur cac thiét bi do compost thirong mai.
Thiét bi sau khi ché tao va hiéu chuan da dwoc kiém tra hoat dong
trong phong thi nghiém thong qua viéc danh gia do on dinh cua 2
mau phan bon hitu co thuc té. Thiét bi s& duoc tiép tuc phat trién
nhim hoan thién vé thiét ké ciing nhu tinh ning, bao gdm viéc ché
tao mach in, dua cam bién do nhiét d vao trong binh do dé theo
doi truc tiép nhiét d ca pha khi va cia mau phén tich, dong thoi
phin mém ciing s& dugc nang cap dé c6 thé hién thi tryc tiép két
qué vé lugng oxy tiéu thu.

Cac tc gia chan thanh cam on sy hd trg vé tai chinh cta Pai
hoc Quc gia Ha Noi (dé tai ma s6 QG.21.14) va Co quan Ngoai
giao ving Wallonie-Bruxelles, Bi (dy 4n WBI ma s6 2.24). Cac
tac gia cling tran trong cam on sy trg giup cua Phong Do luong
ap sut, Vién Do luong Viét Nam trong viéc hiéu chinh thiét bj va
su hd tro ciia cr nhan Nguyén Thi Thanh Hién, Khoa Hoa hoc,
Truong Pai hoc Khoa hoc Ty nhién trong viée thuc hién mot s0
thi nghiém.
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