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TOM TAT

Nghién czzu trinh bay mét cach tiép cdn dé xdc dinh mdt dg cua céc logi axit phé bién. Trong
cach tiép cdn nay, dwong chudn tuyén tinh cia ti sé InR (R 1a ti so dién tich dinh phé truyén qua cua
axit va nudéc) theo mat dé duoc xay dung bang di liéu md phong Monte Carlo d@é xdc dinh mat dé
ciia cac logi axit vé co va hitu co. Nghién cizu sir dung dau do nhap nhay Nal(Tl) va nguon phéng
xa Y¥'Cs. Két qud thu duroc chi ra rang, c&ch tiép cdn dé xuat trong nghién cizu 1a kha thi véi dé léch
twong doi cua gia tri mdt do do duroc S0 Vi mdt dg chudn cua cac logi axit cung cdp bdi nha san
Xudt la duwdi 6,5% cho tdt ca cdc trwong hop khao sat. Vi vay, nghién cizu da cung cap mét cach tiép
can khac don gian, hiéu quda va thudn tién d@é xdc dinh mdr dg cua axit.

Tir khoa: mat do axit; MCNP; Nal(T1); truyén qua

1. Giéithidu

Mat d6 12 mot tham sé quan trong cuaa chat long. Trong cdng nghiép dau khi, thong s6
nay duoc sir dung dé phan loai dau tho. Trong linh vuc cdng nghiép thuc pham, né duoc sir
dung dé danh gia lugng chat hoa tan trong nuéc. Vi céc loai axit bao gom vo co va hitu co,
viéc biét chinh xac mat do cua né gitip xac dinh duoc nong d6 phan trim caa dung dich. Mot
trong nhitng phuong phap duoc sir dung phd bién trude diy dé xac dinh mat do cua céc loai
chat long 1a st dung cac dung cu nhu hydromter (Aguilera, Wright, & Bean, 2008; Cuckow,
1949; Jones, 1995) hay pycnometer (Roy, Sah, & Pradhan, 2010). Hoat dong cua cac loai
dung cu nay dua trén nguyén li Archimedes. Nhin chung, d6 chinh x&c ctua cac phuong phép
nay thuong khéng cao do phu thugc vao viéc doc d6 chia dinh san trén dyng cu. Viéc thao
tac truc tiép trén nhitng dung cu ndy trong qua trinh chuan bi mau va qua trinh do dac tiém
4n nguy co cho ngudi lam thi nghiém dic biét trong truong hop axit can do 12 loai axit manh.

Mot céch tiép can khac dé do mat do chat long 1a sir dung phuong phap gamma tan xa
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va phuong phap gamma truyén qua dwoc trinh bay trong nghién ctu truée day (Priyada,
Margret, Ramar, & Shivaramu, 2012). Tuy nhién, dang luu y trong nghién ctru nay doé la
phuong phap gamma tan xa cho két qua kha tét voi do Iéch trong dbi Ion nhat gitra mat do
do duoc véi mat do tham khao 1a dudi 6% thi nguoc lai, phwong phap gamma truyén qua
cho két qua khong tét vai do lech tuong ddi trong khoang tir 4 dén 10%, dac biét véi hexane,
d6 léch tuong d6i 1én dén 21,54%. Mot phan nguyén nhan caa do léch 16n trong trudng hop
nay, theo ching tdi 1a do tac gia sir dung truc tiép dit liéu thuc nghiém trong xay dung dudng
chuan mat do. That vay, so véi phuong phap gamma tan xa, do nhay cua tin hiéu theo mat
d6 chat long cua phuong phap truyén qua 1a twong ddi thip. Ngoai ra, véi viéc str dung dau
dd ban dan can 1am lanh & nhiét o thap va dung ngudn hoat do 16n 1am cho céch tiép can
nay khong kha thi. Diéu nay dit ra nhu cau can phai c6 cach tiép can méi sir dung nguén
hoat d6 thip va dau do cd thé hoat dong duoc tai nhiét d6 phong dé cac phép do co thé dé
dang thyc hién trong diéu kién thuc té.

Trong nghién ctru nay, ching t6i d& xuat mot cach tiép can khac sir dung phuong phap
gamma truyén qua. Theo d6, dé giam su tic dong do d6 nhay thip ctia phuong phép truyén
qua, duong chuan cua ti s6 cudng do theo mat do axit duoc xay dung bang md phong Monte
Carlo nham han ché c4c anh huéng tir cac yéu té méi truong nhu su thay déi nhiét do, su
dong gop cua cac thanh phan tan xa trong méi truong vao phd thu nhan dugc. Tuy nhién
cach tiép can nay ciing c6 mot van dé can giai quyét dé 1a su khac biét gitra phd mé phong
va phé thuc nghiém. Dé c6 thé st dung dit liéu md phong trong viéc xay dung duong chuan,
can thiét phai dinh nghia mot dai lugng méi sao cho gid tri cua dai luong nay tuong Gng véi
cac mat do khéac nhau khong cé su khac biét dang ké giira md phong va thuc nghiém. Trong
nghién ctru trude day (Huynh, Nguyen, & Hoang, 2019), bang cach dinh nghia ti s6 R 1a ti
s6 gitra cuong do chum tia do duoc véi mau la cht 1ong va cudng d6 do duoc véi mau 1a
nuéc nguyén chat, su khac biét gitta mé phong va thuc nghiém 1a khong dang ké khi sir dung
ti s6 nay.

2.  Vatliéu va phwong phap
2.1. Co sé li thuyét

MA4i quan hé gitra cuong d6 chum tia truyén qua dng dung axit khi dén dau do (1°)

va cudng do ban dau lo dugc xac dinh theo dinh luat Beer-Lambert:

1A =1, exp[—ugpd] @
& day: uS (cm?g) 1ah¢ s6 suy giam khoi khi chum photon ning lugng E truyén qua chat
long, p 1a mat d6 caa chat long (g cm™) va d 1a duong kinh cua dng chét long.

Pt 1" 1a cudong d6 chum tia ghi nhan duoc tai dau do trong trudng hop dng chit
long chira nuwdc nguyén chat. Khi d¢6 phuong trinh (1) dugc viét lai nhu sau:

RAC _ RoAcid eXp[—uEpd} 2)
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& déy: RAcid — IAcid / IWater va ROAcid — IOAcid / IWater
LAy In hai vé cua phuong trinh (2):
INRA™ = InR ;" —psdp 3)

Trong phuong trinh (3), véi mét bé tri thi nghiém xac dinh, cac dai luong INRS™ va

d duoc xem 1a hang sé. Do vay, gia tri INR*™ dugc xem 14 tuyén tinh véi mat d6 chat long
néu nhu hé s6 suy giam khoi pf twong tng véi ning luong E 1a khong déi ddi voi céc chat
long. DE cb co s& cho viéc xem xét gié tri hé sé suy giam khdi 1a hiang sé wng véi mot mic
nang lugng, ching téi st dung co s& dir liéu NIST (Berger, Hubbell, Seltzer, Chang,
Coursey, Sukumar, Zucker, & Olsen, 2010) dé xac dinh hé sé suy giam khdi cho céc loai
axit khac nhau. Co s& dit liéu NIST cung cap mét cong cu cho phép tinh todn nhanh cac gia
tri cua hé s6 suy giam khdi bang cach nhap vao gié tri ning lugng can tinh va cng thirc hoa
hoc cua hop chat. Két qua tinh toan dwoc trinh bay trong Bang 1.
Bdng 1. Hé sé suy giam khoi doi véi nang lirong 661,657 keV cua céc logi axit

Hg¢ so suy giam khoi

Loai axit Cong thirc héa hoc Mat d9 (g cm™3) (om? oY)
Histidine CsH9N30, 0,430 0,08155
Oleic Ci1sH3402 0,781 0,08632
Montanic CosHs560: 0,819 0,0872
Cerotic CH3(CH2)24COOH 0,820 0,08714
Lignoceric C24H430: 0,821 0,08707
Behenic C22H4402 0,822 0,087
Arachidic C20H4002 0,824 0,0869
Palmitic Ci16H3202 0,852 0,08666
Palmitoleic C16H3002 0,894 0,08613
Stearic C1sH350: 0,941 0,08679
Myristic C14H250: 0,990 0,08649
Nué6c nguyén chét H.0 1,000 0,08564
Lauric C12H240z 1,007 0,08628
Acetic CH3;COOH 1,045 0,08222
Acrylic C3H40: 1,051 0,08136
Leucine CsH13NO2 1,170 0,0847
Lactic CsHeO3 1,206 0,08222
Formic CH,0; 1,220 0,08045
Aminobutanoic C4H9NO; 1,230 0,0838
Methionine CsH11NO,S 1,340 0,08274
Adipic CesH1004 1,360 0,08235
Nitric HNO3 1,513 0,07834
Perchloric HCIO,4 1,770 0,07681
Sulfuric H,S0, 1,830 0,07866

T Bang 1 ¢d thé thay rang gié trj caa hé sé suy giam khéi ¢ng véi ning lwong 661,657
keV c6 su khac biét khong dang ké ddi véi cac chat cd thanh phan hoa hoc khéc nhau. Dya
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trén dir liéu nay, c6 thé xem hé sé suy giam khdi 1a khong d6i. Do vay, phuong trinh (3)
duoc viét lai nhu sau:

INR*™ = A +Bp (4)
v6i A va B 1a cac hang sé. Phuong trinh (4) 14 co s& dé x4c dinh dugc mat do cua céc axit.
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Hinh 1. Hé sé suy giam khéi 1ng véi mite ndng hirong 661,657 keV doi véi céc chat khac nhau
2.2. MO0 phang Monte Carlo

Trong nghién cttu nay, md phong Monte Carlo duoc sir dung dé xay dung duong chuan
cua ti s6 R theo mat do cua cac loai axit. D& thuc hién duoc diéu nay, ching tdi sir dung
chuong trinh MCNP (X-5 Monte Carlo Team, 2005). Pay la mot chuong trinh mo6 phong
duoc sir dung rong rai dic biét trong linh vuc vat Ii hat nhan. Chuong trinh MCNP yéu cau
khai bao céc thdng sé hinh hoc ciia ngudn, dau do va dbi tuong do. Trong cac nghién ciu
truede day (Hoang, Nguyen, Le, Huynh, & Tran, 2017; Hoang, Huynh, Tran, & Chau, 2016),
chung t6i da tién hanh téi wu cac thong sé hinh hoc ddi véi dau do Nal(T1) sir dung trong
nghién ctru nay.

Dit liéu dau ra cia chuong trinh MCNP 1a phd phan bé d6 cao xung. Dé phé thu duoc
c6 dang gidng véi dix liéu thuc nghiém ching toi sir dung thé FT8 véi véi dang Gauss caa
phd ¢ ham bé rong mot nira theo phwong trinh dudi:

FWHM(MeV) =a + bvE +cE? (5)
vé6i E 1a ning luong cua photon (MeV); céc hé s a, b, ¢ 1an luot c6 gia tri bang — 0,00526
MeV; 0,06096 MeVY?; 0,01401 MeV-'. Céac gié tri a, b, ¢ thu duoc bang cach lam khop
phuong trinh (5) véi dir licu FWHM chung t6i do dugc tur thuc nghiém.

Nghién ctru sir dung 23 loai axit nhu dugc trinh bay trong Bang 1 véi mat do trong
khoang tir 0,4 g cm™ dén 2,0 g cm™2 d&é md phong va xay dung dudng chuan.

2.3. Bo tri thi nghigm va phwong phdp xdc dinh mgt dg axit
Nghién ciru sir dung dau do nhap nhay Nal(TI) kich thuéc 3 inch x 3 inch dugc cung
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cap boi hang Amptek. Pay 14 loai dau do da kénh vé6i s6 kénh tdi da 1a 8192. Trong phép do
phd chiing toi dit & ché do do nay dé thu nhan chum tia truyén qua dng chira axit. Nguon sir
dung trong nghién cau 1a nguén *¥’Cs ¢ hoat d6 0,67 uCi. Pay 1a ngudn phong xa duoc
xem la dang diém.

Chung t6i sir dung 6 loai axit va nudc nguyén chat véi cac thdng tin chi tiét duoc trinh
bay trong Bang 2. CAc chét nay c6 mat d6 duoc ching nhan bai nha san xuét va dugc xem 1a
mat d6 chuan dung dé danh gia tinh chinh x4c cua viéc xac dinh mat do axit do duoc trong
nghién ciru ndy. Céc axit dugc chtra trong ng thiy tinh c¢6 duong kinh trong 1a 2,68 cm véi
thanh éng c6 do day la 1,85 mm. Ong duoc dit tai vi tri sao cho khoang cach tir tim dng dén
bé mat ngudn va tir tim dng t6i bé mat dau do 1a bang 12,4 cm. Thai gian thuc hién phép do
phd 12 28.800 gidy. Toan bo b tri thi nghiém duoc trinh bay nhu trong Hinh 2.

12,4 cm 12,4 cm

.-"// \
b "'|
|".\ .j.,-'l I-
. Y S/ Ong nhan quang dién
Nguon ¥7Cs — _ .
Acid Tinh thé Nal(TI)

Ong thuy tinh
Ong chuan truc nguf")n

Ong chuén tryc dau do

Hinh 2. Bé tri thi nghiém do mdt do axit
Bdng 2. Thong tin cua cac logi axit su- dung trong thuc nghiém

Loai axit Cﬁgs rt]::lcrc Mat do (g cm™) Nha cung cip
Acetic C,H402 1,052¢ Xilong, Trung Quéc
Formic CH,0, 1,2012 Xilong, Trung Quéc
Lactic C3Hs03 1,2093 Xilong, Trung Quéc
Nitric HNO3 1,390 Merck, buc
Phosphoric H3PO4 1,693 VWR Chemicals, Phap
Sulfuric H,SO4 1,839 Merck, Durc
Nudc nguyén chit H.O 1,000 Merck, Buc

Cac budce xac dinh mat do axit dugc thuc hién nhu sau:

L Mt d¢ tmg v6i nong do 99%
2 Mat 06 tmg véi nong d6 88%
3 Mat do tmg v&i nong do 88%
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= Pau tién chdng tdi s& md phong phd truyén qua cua nhiéu loai axit nhu duoc trinh bay
trong Bang 1. Phé md phong thu dugc dugc phan tich dé tinh dién tich dinh va tir d6 tinh
dugc ti $6 Rsim. va InRsim,

= Dit liéu cua INRS™ theo mat d¢ axit duoc 1am khép vai ham khop dang tuyén tinh nhu
trinh bay trong phuong trinh (4).

= Po phd thuc nghiém cua nudc nguyén chét va loai axit can xac dinh mat d6 dé tinh
todn ti s6 Ree va InRACY .

= Thay gi4 tri INR2% vao phuong trinh (6) dé tinh toan mat do axit.

Exp.

Acid

D= IRy —A (6)
acid B

Sai sb clia mat do axit (o,,, ) duoc xac dinh bang cong thirc truyén sai so:

2 Acid 2

_ GRQQ,"_ Gi\ (RExp. _A) 2 7
Oppis — 2 T2t 4 Opg » (7)
“ B B B

& day, oaVva o tuong ung 1a sai sO cua cac tham s6 ham khép A va B. Ngoai ra, G p e duoc

Exp.

xac dinh theo phuong trinh sau:

1 N
:\/N2 cSzNAcid + N4AcId 62NWatsr ! (8)

Water Water

GRAcid
Exp.

o day, o =2,58,/N,, va oy =2,58,/N,,, ,sd 2,58 duoc sir dung d¢ dam bao do

tin cdy 99%.
3. Két qua va thao luan
3.1. Pwong chudn xdc dinh mdt dé xay duwng bang md phéng Monte Carlo

Phé thyc nghiém va md phong trong phép do truyén qua cua 6 loai axit dugc trinh bay
trong Hinh 3. Ciing trong hinh nay, chung ti tién hanh so sanh dang dap ung phé mé phong
va phd thuc nghiém. Két qua thu duoc cho thay, c¢6 su phu hop tdt vé dang dap tng phd &
tat ca cac axit da khao sat. Két qua nay la co s¢ dé ching tdi st dung dit liéu md phong dé
xay dung duong chuan cua ti s6 InR theo mat do axit.
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Hinh 3. So sanh dang ddp iing phé thirc nghiém va phé mé phong cac logi axit
Két qua tinh toan ti s6 R va InR duoc trinh bay trong Bang 3. Dix liéu cua InR theo mat
d6 duoc 1am khép véi phuong trinh khép mé ta trong phuong trinh (4). Gia trj cua cac hé sb
ham khép A va B thu duoc lan luot ¢ gié tri bang (0,20657 + 0,00383) va (-0,20523 +
0,00341). Két qua thu dugc trinh bay nhu trén Hinh 4.
Bdng 3. Két qua tinh toan gid tri InR theo cac mdr dg khac nhau
cua cac logi axit bang mé phéng Monte Carlo

Loai axit Mit dd (g cm™) Tiso R Sai s6 ciia R InR
Histidine 0,430 1,13280 0,00024 0,1247
Oleic 0,781 1,04601 0,00023 0,0450
Montanic 0,819 1,03579 0,00022 0,0352
Cerotic 0,820 1,03575 0,00022 0,0351
Lignoceric 0,821 1,03569 0,00022 0,0351
Behenic 0,822 1,03550 0,00022 0,0349
Arachidic 0,824 1,03353 0,00022 0,0330
Palmitic 0,852 1,02963 0,00022 0,0292
Palmitoleic 0,894 1,02163 0,00022 0,0214
Steararic 0,941 1,01000 0,00022 0,0099
Myristic 0,990 1,00016 0,00022 0,0002
Lauric 1,007 0,99709 0,00022 —-0,0029
Acetic 1,045 0,99588 0,00022 —-0,0041
Acrylic 1,051 0,99679 0,00022 —0,0032
Leucine 1,170 0,96755 0,00021 -0,0330
Lactic 1,206 0,96735 0,00021 -0,0332
Formic 1,220 0,96961 0,00021 -0,0309
Aminobutanoic 1,230 0,95414 0,00021 -0,0469
Methionine 1,340 0,93973 0,00021 -0,0622
Adipic 1,360 0,93374 0,00021 —0,0686
Nitric 1,513 0,89311 0,00020 -0,1130
Perchloric 1,770 0,85031 0,00019 -0,1622
Sulfuric 1,830 0,84459 0,00019 -0,1689
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C6 thé thay rang, co su tuyén tinh tét gitra InR va mat do cua céc axit véi hé sé R? xap
xi 0,994. Su tuyén tinh tét nay la diéu kién can dé cd thé xac dinh duoc mat do caa cac loai
axit véi do chinh xac cao.

0.15 LB B B B B L B B A |
o "= R
0.10 b % — Duding khdp dang myén tinh |
™
0.05 N 1
L
.\
0.00 e ]
% S
£ 0054 = 4
o
-0.10 4 : g
[ N
-0.15 J
[
QA0 e e
04 06 08 10 12 14 16 18 20
Mit dé (g cm™)

Hinh 4. Sy phu thugc tuyén tinh cuia InR theo mdr dg cua axit
3.2. Mt d¢ ciia c&c logi axit
Str dung dudng chuan thu dugc, mat do caa 6 loai axit duoc xac dinh bang céch sir
dung phuong trinh (6). Két qua tinh toan mat do axit dwoc trinh bay nhu trong Bang 4. C6
thé thiy rang, d6 léch mat d6 do dwoc va mat d6 chuén 1a duéi 6,5%. Két qua thu duoc nay
chang to ring cach tiép can str dung trong nghién ctu ndy cé kha ning xac dinh dwoc mat
d6 cua cac loai axit vai pham vi mat do trai rong trong khoang tir 0,4 g cm= dén 2,0g cm=3,
Day 1a viing mat d6 du rong dé co thé bao phua sé lugng 16n céc loai axit can khao séat va do
vay cach tiép can d¢ xuat trong nghién ctru nay c6 tinh kha thi. Ngoai ra, phuong phap do
thuc hién trong nghién cau nay cé b tri thi nghiém kha don gian véi ngudn hoat do thap
nén cé thé 4p dung cho viéc xac dinh mat do dic biét véi cac loai axit manh.
Bdng 4. Két qud xdc dinh mdt dé cia mét sé logi axit

Mat do s Mat do Sai s6

L. P Sai s0 o o ‘RD
Loai axit chuan R . InR do dugc mait do 0

(g cm) cuaR @em) (@gomy)
Acetic 1,052 0,991 0,013 -0,00952 1,053 0,068 0,09
Formic 1,201 0,971 0,014 -0,029117 1,148 0,069 4,38
Lactic 1,209 0,956 0,014 —0,045195 1,227 0,067 1,47
Nitric 1,390 0,933 0,013 -0,069629 1,346 0,066 3,18
Phosphoric 1,693 0,888 0,013 -0,118289 1,583 0,064 6,50
Sulfuric 1,839 0,860 0,012 -0,15091 1,742 0,062 5,28

Sai s6 cua phép do mat do axit cling duoc tinh toan. Theo do, sai s6 twong ddi cia phép

4RD (%) = [Mat do do dugc — Mat do chuén|/Mat do chuin x 100%
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do trong khoang tir 3,6% dén 6,5%. Trén thuc té, dau do nhap nhay Nal(T1) d& bi anh huong
boi yéu té nhiét do mai trudng, Vi vay sai sé twong ddi s& duoc cai thién néu sir dung loai
dau do nhap nhay 6n dinh nhiét. Tuy vay, véi do léch 16n nhat gitra mat do do duoc va mat
d6 chuan 1a 6,5%, phuong phap do mat do st dung trong nghién ctu nay cho thay duoc tinh
kha thi c6 thé ap dung duoc cho cac phép do mat do axit trong thuc té.
4.  Kétluan

Trong nghién cttu ndy, chung t6i da str dung phuong phap truyén qua dé xac dinh mat
d6 cua céc loai axit voi duong chuan mat do duoc xay dung hoan toan bang dir liéu mo
phong Monte Carlo. Két qua thu duogc tir nghién ctiu cho thay, do léch 1on nhat gitra mat do
do duoc va mat d6 chuan 1a dudi 6,5%. Sai s6 twong dbi cua cac gia tri do duoc 1a dudi
6,5%. Két qua nay khang dinh rang, cach tiép can dé do mat do axit 4p dung trong nghién
ctru nay 1a hoan toan kha thi. Uu diém cua nghién ctru thé hién & hai diém: thi nhat, duong
chuan mat d6 duoc xay dung hoan toan bang mé phong Monte Carlo sir dung chuong trinh
MCNP. Viéc st dung mé phong trong xay dung dudng chuan gidp tiét kiém duoc chi phi va
tang dugc do chinh xac do loai bo dugc sy anh hudng cua cac yéu té moi truong. Ngoai ra,
str dung mé phong Monte Carlo con gidp dé dang xay dung dugc duong chuan khi théng sb
thuc nghiém thay doi, ddy 1a van dé ma néu dung phép do thuc nghiém dé xay dung duong
chuan khé ma thuc hién duoc. Uu diém thir hai caa cach tiép can nay lién quan dén ngudn
phong xa. Viéc sir dung ngudn hoat do rat thap voi hoat d6 vao khoang 0,67 uCi, diéu nay
1am cho phép do trd nén rat an toan véi ngudi lam thi nghiém nhung van dam bao duoc do
chinh xac cua két qua do.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cdm on: Nghién ctru nay duoc tai tro béi BO Gido duc va Pao tao trong dé tai ma sé
B2020-SPS-01.
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ABSTRACT

In this study, we present an approach to determine the densities of some common acids. This
approach requires to construct the linear calibration curve of the ratio InR (R is the ratio of the area
under a transmitted peak for an acid relative to that for water) versus the density of the liquids based
on the Monte Carlo simulation data. This linear calibration curve was then used to determine the
densities of acids. The study used the Nal(TI) scintillation detector and the radioactive source of
137Cs. The study results indicate that the proposed approach is feasible for determining the densities
of acids. The relative deviations between the measured and reference densities are less than 6.5%
for the investigated samples. Thus, this study provides a different approach to determine the densities
of acids, which is simple, effective, and convenient for determining the density of acids.

Keywords: density of acid; MCNP; Nal(TI); transmission

2228


mailto:tamhd@hcmue.edu.vn

