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OF WATER AUTOMATICALLY

Nguyén Hiru Phat, Ha Viin Huéng
Truong Dai hoc Bdach khoa Ha Ngi; phat.nguyenhuu@hust.edu.vn, hahuonga2@gmail.com

Tom tat - Do kidém tdng trong mai trudng nudi tém la mot théng sb
quan trong, c6 anh hudng tryc tiép dén sy phat trién cla thay —
hai san, va la mét nhan té quan trong can duoc theo déi. Tuy nhién,
viéc do dac bang tay sé gay tbn nhan cong va thoi gian ctia ngudi
nuoi. bé giai quyét cac van dé trén, chung téi thuc hién nghién ctu
va thiét ké may do kiém tong mot cach ty dong. Viéc do do kiém
duoc thue hién theo phuong phap chuén d9, tirc 14 bom axit vao
dung dich can do cho dén khi dung dich dat gia tri pH mong muon.
T lwong axit @ dung va thé tich dung dich ban dau dé tinh ra do
kidm tdng [1], [2]. K&t qua do dac cla thiét k& dwoc hién thj 1én
man hinh LCD vé&i dé chinh xac cao. Wu diém cha may la st dung
nguyén liéu gia ré co gia thanh thap va rat dé dang st dung, hra
hen sé& mang lai mét gidi phap tét cho ngwei nudi tréng thay — hai
san trong viéc theo ddi thong sé nwéc nudi.

Tir khoa - o kiém; d6 kiém téng; nang lvong tiéu ton; ndng do
pH; chuan dd; dung dich chuan; dién cwc pH.

1. Giéi thi¢u

Trong nhitng nam gan day, nghé nudi trong thiy - hai
san dang ngdy cang phat trién & Viét Nam. Cung véi do,
viéc ap dung cac tién bo khoa hoc cong nghé 1a rat can thiét
dé nang cao chat lugng va sb luong san pham.

D6 kiém (alkalinity) theo tiéu chudn ISO 9963-1 [1] &
kha ning dinh luong ctia mdi truong nude dé phan ng véi
cac ion hydro. Hay theo mot cach dé hiéu hon, do kiém la sb
luong cac bazo trong dung dich c¢6 thé ding dé trung hoa
axit trong dung dich d6. D¢ kiém 1a thong sb rit quan trong
trong viéc xac dinh kha ning trung hoa 6 nhiém axit (axit do
mua, do nudce thai, v.v...) cua nudc.

Nguyén nhan chinh gay ra d¢ kiém ctia nudce 1a mubi cua
c4c axit yéu. Bang 1 thé hién cac thanh phan ctia d6 kiém.

Bing 1. Cdc thanh phén ciia dg kiém [2]

Thanh phin Mire do
dong gop
HCO,  (bicachonat) 89,98
CO§ " (cachonat) 6,7
B(OH),, SIO(OH)5 ,Mg(OH)"
_ _ _ . 34
HPO, ,PO, ,OH ... (thanh phan
khéc)

Do d6 kiém thé hién kha ning dém cta nude, tirc 1a kha
nang chéng lai sy thay dbi dot ngdt cua pH, nén nd 1a mot
thong so quan trong ctia nudc nuodi thiy — hai san. Trong
nudi trong thity — hai san, do kiém thay d6i s& anh hudng
tryc tiép dén strc khoe cua vat nudi. Khi do kiém thay ddi dot
ngot, tom, ¢4 c6 thé bi sbc, yéu hodc bo an. Néu méi truong
nudc co do kiém cao kéo dai, s& 1am tom ting truong kém,
cham, va stc dé khang kém. Ngoai ra, d6 kiém ciing anh

Abstract - Total alkalinity is an important parameter monitored
since it directly affects the development of marine fisheries.
However, manual measurement will cause labor cost and
muchtime for farmers. In order to solve the above problems, the
authors perform the research and design of a machine that
measures the alkaline totalizer automatically. Alkometric
measurements are made by titration. With the method, we
pump the acid into the test solution until the desired pH value
is obtained. Based on the amount of used acid and the volume
of the initial solution, we calculate the total alkalinity [1], [2]. The
measurement results are shown on the LCD with high accuracy.
The advantage of the machine is that it uses cheap materials,
has low cost and is easy to use, which promises to bring a good
measure for aquaculture.
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huong dén do cung cua nuoc, qéng d6 hoa tan cac chat dinh
dudng va thanh phén cac doc to, tir 46 cling anh huong truc
tiép tdi su sinh trudng, phat trién cia thiy san. PJ kiém tong
duoc do bang don vi mg/L CaCO, va gia tri thich hop cho

nudi trong thuy — hai san 1a 75 dén 200 mg/L [3].

2. Pit van dé

Do nhiing tac dong tryc tiép va quan trong ctia do kiém
tdi cac yéu t6 1y, sinh, hoa va stc khoe cua thuy — hai san,
nén yéu cau nguoi nuoi can phai theo doi d6 kiém thuong
xuyén, lién tuc dé ndm bat duogc tinh trang ao nudi, tir do
dua ra phuong 4n nudi ciing nhu khic phuc cac van dé xay
ra mét cach hi¢u qua va kip thoi.

Viéc do d6 kiém téng co6 thé duoc thuc hién bang tay
v6i céc cong cu, may do da dugce thuong mai hoa. Tuy
nhién, do dac bang tay s& gy t6n nhan cong, thoi gian
cua nguoi nudi. Thém vao do, gia thanh cac may do tu
dong lai rat cao, khién nguoi nudi khong dé dang dau tu.

Dé giai quyét cac van dé trén, nhom tac gia thuc hién
nghién ciru va thiét ké may do kiém tdng mot cach tu dong.
Muc tiéu cua thiét ké 1a két qua do dac c6 do chinh xac cao,
gia thanh ré va dé sir dung.

3. Phwong phap thwce hién

C6 nhiéu phuong phap dé xac dinh do kiém tong cua
mau nudce ty nhién. Phan nay sé trinh bay cling nhu so sanh
3 phuong phap thong dung [4]. Tuy theo muc dich phan
tich cling nhu do ludng ma nguoi ta lya chon phuong phap
khac nhau. Trong 3 phuong phap dugc trinh bay, phuong
phép chuan d6 dugc nhom tac gia st dung cho thiét ké nay.
3.1. Phwong phdp chuin dp [5]

Phuong phap nay s dung axit manh chuén cung véi
diém cudi pH (diém cudi chuin do) dé xéac dinh do kiém.
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Quy trinh cua phuong phap nay duoc hiéu mot cach don glan
1a thém tir tir axit chuan vao mot luong thé tich nuéc mau
cho t6i khi dat dugc diém cudi pH, tr thé tich axit thém véao
va thé tich mau nude, ta tinh dugc do kiém tong nhu Hinh 1.
Vé Iy tuong, diém cudi pH tuong duong véi lugng bazo
trong dung dich mau. Khi s6 do kiém tong hoan toan dugc
c4u thanh (bicacbonat va cachonat) thi diém cudi pH ctia qua

trinh chudn d06 duoc xac dinh bé’mg cach xem xét lugng CO2

tai diém d6. Luong CO, nay phu thudc vao tong lugng

cacbonat ban dau va lugng cacbonat mat di trong qué trinh
chuan d9. Gia tri diém cuodi pH thuong dugc st dung 1a 4,5.

Bit Thém
A 7 . >
diu axit

S

Do pH ‘ >

Hinh 1. Phwong phdp chudn do
Gia su, dung V, mililit mau nude (thuong 1a 50 ml
hogic 100 ml), va V, mililit axit HCI ¢6 nong do 1a C,

(thuong dung C, = 0,1 N) cho viéc chuén d¢ thi do kiém

tong cong dugc tinh nhu sau [4]:

_ Cnd000¥a o (mg/L CaCO,) Q)
Vm

3.2. Phwong phap chénh léch ion

Trong phuong phap nay, ngudi ta tinh toan sy chénh 1énh
gilta cac cations (ion mang dién tich duong) va cac ion anions
cua axit manh (géc axit manh) dé xac dinh d6 kiém. Déi voi
hiu hét cac loai nuéc tu nhién, nguén cations chinh la

+

H ,Na+,K+,Mgz+,Ca2+VQCa2+. Trong khi d6, cac

anion chinh la OH HCO3,N03,F SO2 va Cl

Phuong phap nay dwa theo co s& can bang ndng do cua cac
anions va cations. Phuong trinh biéu dién sy can bang nhu
sau:

[H T+ Na” J+[K T T+2Mg 2T J+2[ca’ 1= o
2
[OH " ]+[HCO; 1+[NOg ]+ [F_]+2[SO§_]+[CI_]
Sép xép lai ta dugce phuong trinh nhu sau:
[H J+Na" Tk T+2IMg > J2lca® N0, T-2150; -
@)

[F_]-[CI_]:[OH_]+[HCO?: ]+2[(303_]—[H J=Alkalinity

Tu day, néu tinh duoc luong cations va ainons, ta s€
tinh duoc d6 ki€m tong.
3.3. Phuwong phap do cwong djp mau

V61 phuong phap nay, do klem téng dugc tinh bang
cach xac dinh su thay déi mau sic cua metyl da cam. Tic
14, metyl da cam dugc ding lam chat chi thi mau. Nhu da
biét, metyl da cam c6 kha ning d6i mau theo gia trj pH.
Trong qua trinh do, khi mau nuéc phan Gmg véi thude thir,
pH cua dung dich sé thay d6i va metyl s& d6i mau. Phuong
phap nay c6 dai do khoang tur 10 dén 300 mg/L CaCO3.

May do d6 kiém HI755 ctia Cong ty Hanna Instruments sit

dung phuong phap nay.

Tt quy trinh do cua cac phuong phap trén, ta thdy
phuong phap chuan d¢ la thich hop nhat cho viéc tw dong
hoa hoan toan. Do vy, ching t6i da quyét dinh st dung
phuong phéap nay cho thiét ké ctia minh.

4. Trién khai thiét ké

Viéc do dac dugc thuc hién mot cach tuy dong, cac hoat
ddng ciia may co thé 1iét ké nhu sau: 1ay nude tir ao nudi vao
lo mau, liy axit va nhé vao lo mau dé chudn do dung dich,
do pH va khudy dung dich trong qua trinh chuén d6. Tir dy,
nhém tac gia dua ra mo hinh ciia thiét ké nhu Hinh 2.

pH ké
X v
< xilanh
Bom II
|
Tin hiéu " ]
diéu _ \lO i
khién .
Lo miu & HCI1
W & - O 'C =
Khuiy rie a-;
- pé
B¢ diéu Tin hiéu
khién diéu khién

Hinh 2. M6 hinh mady do

Viéc 1€iy nude tr ao nudi vao lo mau dugc thuc hién
bang bom. Axit dugc ldy vao xi lanh rdi bom timg giot vao
lo miu dé chuan d6. Binh chira axit du trit phuc vu do nhiéu
lan duoc thiét ké theo dang binh thong nhau, dam bao hut
day du axit vao xi Ianh Do d6, ta can c6 co cdu van chuyen
Xi lanh gitr vi tri lo mau va binh chira axit. Trong thiét ké
nay, nhom tac gia str dung dong co khi nén. D& bom va hat
axit, nhom tac gia st dung dong co DC c6 gin encoder két
hop vai vit me va mét $6 co cAu co khi. Tir d6, chi can dém
sd xung cuia dong co trong qué trinh bom va hit axit, ta s&

xac dinh dugc thé tich axit di dung dé chudn d6 dung dich.
(Posup - PospH —45~ Posbu )x6
Va = 1 (4)
(Posup — Pos - Posbu)

down
Trong do:

P thé tich (ml) axit di dung cho chuén d¢;

PosUIO : 56 xung tuong (ng véi vi tri trén cua pit-tdng;

Pos : b xung twong ung vai vi tri pH = 4,5;

pH=45"
POS 4 own - s6 xung twong {ng vai vi tri dudi cua pit-tong;

Pos, - s6 xung bu sai s6 = 6.000, xac dinh tir thuc nghiém;

6: luong axit hat vao xi lanh 1a 6 ml.

Gia tri pH trong qua trinh chuén d6 dong vai tro quan
trong vi N6 anh hudng tryc tiép dén két qua do do kiém. Do
pH cua dung dich str dung pH ké va doc gia tri dién ap dau
ra dé xéc dinh gié tri pH. Dung dich trong qua trinh chuan
do can duge khqu dé dam bao axit nho vao dugc hoa tan
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nhanh chong. O diy, nhom téc gia st dung ca khudy bang
nam cham boc st dugc ban rong rai trén thi truong.

Chung t6i da phan chia thiét ké ra mot s6 khoi dé thuan
tién cho viéc trién khai thuc hién nhu Hinh 3.

Khéi
nguon
Khi hién Khdicip | | Khéidiéu|, | Khéido Khéi cép
thi axit Kkhién dac nuwée

: :
Hinh 3. So d6 khdi méy do

T cac ph?m da trinh bay, dén day, ta da xac dinh duoc
cac trang thai co ban ciia mdy do nhu Hinh 4.

Tir cac trang thai co ban trong Hinh 4, chung ta xac dinh
hoat dong chi tiét timg budc ciia may do nhu Hinh 5.

Ban dau, xi lanh axit dat ¢ trén lo mau, ta can dich xi
lanh sang lo chira axit. Nghiéng lo lan 1 dé d6 hét dung
dich cua lan do trudce trong lo mau. Cho dén sau khi
nghiéng lo 1an 2, lo mAu da dugc trang bang nudc ao nudi.
Sau khi nghiéng lo lan 3, lugng nudc mau con lai trong lo
12 50 ml.

Chwa di
2 ngay

Pang
» . < Don dep xon
@ . .p g

Pi 2 ngay

Xong —{ Do xong )+

Chua xong—‘ Xong (;]::2:]?;
v €
Chra xong i}
Hinh 4. So do trang thdi do
Nghiéng Quay
lo lin 2 khuiy
¥ A
Bom nuéc F—
Yan 2 Lay axit
- =n - ¥
Nghiéng Nghiéng ¢ | Dich xilanh
lolan 1 lo lin 3 sang lo miu
B - h 4 h 4
om nwéc Po pH
lin 1 Jan 1 Do dac
Quay Y 4
khuiy » Don de¢p
\
D ’,'
Hién thi

Két
thiac

Hinh 5. Luu d6 hoat déng ciia hé thong

Do d6 kiém tong bang 0 néu pH < 4.5 nén sé& thyuc hién
do pH lan 1, néu pH < 4.5thi khong can thuc hién chuén
d6, néu khong may s& kéo pit-tong Ién, 1iy axit vao xi lanh.
Sau d6, diéu khién dong co khi nén van chuyén xi lanh vé
vi tri lo mau va bat du qua trinh do dac. Viéc do dac va
don dep dugc thé hién 1an lugt & Hinh 6 va Hinh 7. Két qua
d6 kiém dugc hién thi trén man hinh LCD.

Bit !
diu

Nhé axit

Quay khudy |

(xubng pitong)

Hinh 6. Hoat déng do dac ciia hé thong

Bom axit
thira ra

Dich xilanh
sang lo miu

Dich xilanh
sang lo axit

Hinh 7. Xt Iy két thiic qud trinh do ciia hé thong

~ Qua trinh do dac chi don gian 1a chuén d6 dung dich
déndiém cuoi pH = 4.5. Hoat ddng don dep phu thudc vao
viéc do pH lan 1. Néu 1an ddu do pH c6 pH < 4.5, ta chi
C:?ll’l di ‘chuye;n xi lanh sang lo mAu va hién thi gi4 tri kiém
tong bang 0. Nguoc lai, ta can dich xi ]anh sang lo axit, tién
hanh bom a~xit tthE} trong xi lanh ra roi dich xi lanh nguoc
tro lai lo mau va két thuce qua trinh.

Nhu di trinh bay ¢ trén, may c6 nhiéu linh kién/md-dun
dién tr nhu kit Arduino, b DC-DC, ... nén ching toi st
dung hop kin dé chira tat cac bo phefu} nay, giﬁp bao vé
chung trudce tac hai cua moéi truong, dong thoi cd dinh vi
tri ciia ching trong may do.

Do voi khung may, ching tdi dung nhom dé dam béo du
chac chan va gia thanh ré. Mica trang véi cac uu diém khoi
lugng nho, gia thanh thap ma van dap (mg du do bén, chac
chan cho méy do dugc dung cho cac b phan co khi khac.

Hinh 8 thé hién toan bd cic co ciu cua may voi kich
thudc DXRXC = 440X205X500 (mm), trong do:

1— hop dién: chira bo didu khién va cac mo-dun dién tir;

2 — xi lanh khi nén: dé van chuyén cum xi lanh axit;

3 — phéu nudc thai;

4 — lo miu, c6 c& khudy & bén trong;

5— pH ké;

6 — binh thong nhau dung axit;

7 — cum xi lanh axit;

8 — binh chura axit;

9 — van khi nén.
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Hinh 8. Toan bg co cdu ¢6 khi ciia hé thong
Cum co cdu quan trong nhét 1a cum xi lanh axit, gdm
nhiéu thanh phan nhu trong Hinh 9.

Hinh 9. Cum xi lanh axit

Trong d6:

1 —dong co DC cd encoder;

2 — tryc tron dan huéng;

3 - pit-tdng;

4 —than xi lanh axit, dung tich 6 ml;

5 — truc vit me;

6 — khop ndi giira truc dong co va vit me.

Nhu vay, ching ta da tl}iét ké xong toan b may do,

phan tiép theo s€ trinh bay két qua do dac cling nhu cac van
dé can thao luan.

5. Két qué nghién ciru
Sau qua trinh do dugc ldp lai nhiéu 1an véi ciing mot loai

m?lu nuée, nhom tac gia thu duoc két qua nhu trong Hinh 10.
Mau nude duge dung la nude sach sinh hoat c6 pH = 6,9, do

kiém tong kiém dinh ctia miu nude nay 1a 115 mg CaCO4 /L.
Tir Hinh 10, ta thy sai s6 ctia phép do 1a + 3,54 mg/L.

~ Trong truong hop déu vao la cac miu nudce khic nhau,
két qua do dac duoc thé hién trong Bang 2, vai cac gia tri
d6 kiém toéng c6 don vi do 1a mg CaCO, /L. Sai sO cuia
phép do 1a +2,27 mg/L.

PO KIEM TONG

118.54

- -Pokiém téng
Hinh 10. Két qua do véi dau vao giong nhau
Bing 2. Két qua do véi dau vao khdc nhau

Lan do | pH diu | P kiém do dwge | P9 kiém kiém dinh
1 7,2 119,43 118
2 7,5 124,12 124
3 6,8 112,03 111
4 8,0 131,95 133
5 8,4 140,15 141
6 8,7 152,36 154
7 6,46 106,94 105
8 7,8 128,56 129
9 8,9 161,73 164
10 7,5 122,87 125

Nhu vy, tuy theo loai thiy — hai san ma ta c6 ‘thé dua
ra canh bao khi gia tri d6 kiem tong do du'(.)’c‘ gan vuot
ngudng. Vi duy, véi tom thé chan trang, d¢ kiém khong
dugc thip hon 80 mg CaCO, /L [6], [7] dé dam bao cho

tom ting truéng va ti 16 sdng cao, nén ta dua ra canh béo
khi d6 kiém do dugc < 83 mg/L.

Tir cac két qua nay, ta so sanh mot sd thong sd quan
trong véi cac san phém da dugc thuong mai hoa trén thé
gidi, 0 day 1a may do APA6000 — Hach [6] (Bang 3) va c6
thé danh gia san phim nhu sau:

Bing 3. So sdnh sin phim véi mdy APA6000 — Hach

. Gia tri
Thong so - -
May APAG000—Hach| San pham dw an
D6 chinh x4c +1,0 mg/L +3,54 mg/L
Thang do 1 dén 250 mg/L Chua x4c dinh

Kich thudc (CxRxD)|522 x 627 x 526 mm {440 x 205 x 500 mm

Ngudn dién 90 - 240 V 50/60 Hz|110 - 220 V 50/60Hz
Thoi gian do Nho hon 10 phut ~ |Nho hon 10 phut
Nhiét 6 mau 5 dén 50°C Chua xéc dinh

Gia 1.880 USD tai My |7 triéu VND
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Vé d6 chinh xac, sai 1énh giira thong s 2 may khong
16n, ma ta lai biét ring, khoang d¢ kiém tong thich hop véi
thity — hai san 1a 75 + 200 mg/L nén sai s6 £3,54 mg/L ctia
san phérn hoan toan chép nhan duoc. V& thoi gian phan hdi,
¢4 2 may c6 thong sd nay tuong duong nhau. Vi muc dich
2 ngay do mot lan, thoi gian do < 10 phat khong co téc
dong 16n. Vé thang do, nhiét @6 mau, san pham ctia bai béo
ndy van chua xac dinh dwgc. V& gia thanh, may do
APAG000 c6 gia cao hon han, san pham co gia rat ré, day
cling 1a mot loi thé va tiéu chi cua bai bao. Nhu vy, san
pham cua bai b4o hoan toan dap mg nhu ciu vé d6 chinh
xac cho ngudi nudi trong. Thém nita, véi gia tién va cac so
sanh trén, san pham nay hoan toan c6 strc canh tranh khi
thuong mai hoa.

6. Két ludn

Bai bao da trinh bay tdng quan céc 1y thuyét vé do kiém,
céc 1y thuyét lién quan ciing nhu toan b cong viée di lam
trong qua trinh trién khai thiét ké, cac két qua do dac thyc
nghiém, va danh gia nhirng két qua do. Nhin v€ mét két qua
cubi cling, san pham may do kiém tong nay da thuc hién
dugc chire nang ty dong do do kiém tong cuia nuée va hlen
thi két qua 1én man hinh, dap tmg cac yéu cau thiét ké vé
d6 chinh xac va gia thanh da dat ra ban dau. Tuy nhién, san
pham ciing ¢ nhiéu thiéu sot nhu thiét ké méi dimg & mic
thi nghiém, chua thé thuong mai hoa; hoat dong chua on
dinh; cum xi lanh axit chi dap tmg duoc yéu cau tdi thiéu
1a hiit/bom axit voi do chinh xéc twong doi; d6 bén co khi
chua duoc kiém tra; di day két ndi giita cac linh kién/mo-
dun dién tir con rat phuc tap va khé sira chita khi gip su cd;

san pham st dung dong co khi nen dé dich chuyén cum xi
lanh axit, do vay can c6 may nén khi dé hoat dong, dan dén
kich thudc toan bo may rit cong kénh va ting cao gia
thanh, day ciing 1a nhuoc diém 16n nhat cia thiét ké nay.
Ngoai ra, san pham ciing can duoc thir nghiém nhiéu hon
nita d¢ tim ra cac van dé khéc va hoan thién tot nhat.

LOI CAM ON

Két qua nay nam trong pham vi nghién ctru ciia nhiém
vu khoa hoc va cong nghé “Thiét ké hé thong do dé kiém
wng dung giam sdat moi truong nuoc trong nudi tom chdn
trang” duge ky tai Quyét dinh s6 62/QD-SKHCN ciia S&
Khoa hoc va Cong nghé tinh Quang Ninh ngay 31/5/2017.
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