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ABSTRACT

The overall goal of this work is to optimize biodiesel production process
from Jatropha curcas oil (JO). To achieve this goal, an acid-catalyzed
pretreatment of highly acidic Jatropha curcas oil (AV = 49 mg KOH/g)
followed by a transesterification procedure with methanol and potassium
hydroxide as a catalyst was used to produce Jatropha curcas biodiesel
(JME). The optimum reaction conditions were obtained by using response
surface methodology (RSM) coupled with central composite design (CCD).
The results showed that an optimum biodiesel yield of 83.71% could be
obtained under the following reaction conditions: methanol content of
20.2% (by weight with respect to the oil), catalyst concentration of 0.64%
(by weight with respect to the oil), and the reaction time of 40.8 minutes.

TOM TAT

Nghién cieu nay hwéng dén tong hop biodiesel tir mt logi dau khéng dan
duoe la dau Jatropha (JO). Dé dat dwoc muc tiéu ndy, mét qud trinh hai
giai doan gom ester héa xiic tdc acid va tiép theo la transester héa voi
methanol xiic tic KOH dd duwoc sit dung dé tong hop biodiesel tir dau
Jatropha (JME) (AV = 49 mg KOH/g). Piéu kién 16 wu ciia phan img dat
dwoc bang cdch sir dung phuong phap bé mat dap umg (RSM) két hop voi
mo hinh tam phirc hop (CCD). Két qua cho thdy quda trinh transester héa
dat dwoc hiéu sudt toi vu la 83.71% twong ung voi cdc diéu kién sau: ham
lwong methanol va chdt xic tdc lan leot la 20.2% va 0.64% so voi khoi
lieong dau va thoi gian phan vmg la 40.8 phit.

1 PAT VAN BE

c6 mat cua base manh tao ra nhiing hop chét hoa
2009).

Ngay nay, thé gioi dang phai d6i mat v6i su
thay doi lién tuc gi4 ciia ngudn nhién liéu hoa
thach, ddc biét 1a dau mé do nhitng ngudn ning
luong nay ngdy cang can kiét va luong tiéu thu
ngay cang tang. Diéu nay da din dén viéc phai tim
nguon nhién liéu dé thay thé. Phan ung gitra dau
thyc vat hodac m& dong vat va mét alcohol véi sy
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hoc méi goi la biodiesel (Guru et al.,
Biodiesel c6 ham lugng oxy cao nén khi st dung
lam nhién li€u cho ddng co diesel s€ giam duoc
CO,, CO, hydrocarbon, SO,, cac hat ran lo limg
trong khi quyén (PM — particulate matter), khoi,
tiéng On... Ngoai ra, sit dung biodiesel lam nhién
liéu s€ khong lam tang ham lugng CO; trong khi
quyén vi luong CO; tao thanh do dét chay twong
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duong luong CO, do cdy xanh hip thu trong quéa
trinh quang hop (Alptekin et al., 2010).

Cay dau me c6 tén khoa hoc 1a Jatropha curcas
L., ¢ ngudn gbc tir chau Phi, Bac M§ va viing bién
Carlbe Cay c6 dang than bui, séng luu nién, c6 thé
cao t6i 5 m, nhung trong san xuét thuong dé chiéu
cao khong qua 2 m cho tién viéc thu hai. Cay co
thé sinh truong va phat trién & noi c6 d cao 0-500
m so v6i mit bién, trén cic vung dét x4u, kho han
v6i lwgng mua tr 300 mm/ndm tré 1én. Qua co ba
ngan trong chira hat hinh bau duc, mau den, kich
thudc 2x1 cm, khi phoi kho co thé lay hat ra d&
dang. Viét Nam da dap tmg dugc nhiéu diéu kién
dé co thé phat trién cay dau mé. Trong diéu kién
dat dai, khi hau nhiét déi, cdy ddu mé c6 thé sinh
truong nhanh va bt dau cho ra qua sau khi tréng
tir 6-12 thang. Ham luong dau cia hat diu me
khoang 35-40%, nén nang suat cho dau ciia cay rat
cao, tir 2,500-3,000 lit dau /ha/nam (Akintayo E.T.
et al., 2004; Banerji R. , 1985; Kandpal J.B. et al.,
1995; Kumar M.S. et al., 2003; Pramanik K., 2003;
Shah S. et al., 2004).

Phuong phap bé mat dap ung (RSM) la mot
cong cu théng ké hiru hiéu dugc tmg dung trong
nghién ctru nhiéu qua trinh phirc tap. Phuong phap
phan tich twong quan va hdi quy da bién ciing dugc
sir dung dé danh gia anh hudng cua hai hay nhiéu
yéu 6 doc 1ap trén ham muyc tiéu. Hon nita, mo
hinh tdm phtc hop (CCD) cua RSM dugc st dung
dé t6i wu hoa nhidu qua trinh héa hoc va cong nghé
(Jeong et al., 2009). Thuan lgi chinh cua phuong
phap nay 1a giam dugc sb thi nghiém nhung van
cho dugc thong tin ddy di va nhiing két qua co y
nghia vé& mit thong ké. RSM da thanh cong trong
viéc t6i wu hoa san xuat biodiesel tir nguyén liéu
dau 1a dau thyc vat va md dong vat (Ghadge et al.,
2006).

Trong nghién ctru nay, cac thi nghiém dugc
thuc hién theo mo6 hinh CCD va RSM véi nam mire
va ba yéu t dé téi uu hoa qua trinh transester hoa
tong hop JME.

2 PHUONG PHAP NGHIEN CUU
2.1 Vatliéu

Dau mé dwgc mua tir khu cong nghiép Bién
Hoa, Déng Nai. Ddu c6 mau niu sam, do nhot
dong hoc ¢ 40°C 1a 43.26 mm?¥s, chi sé acid
khoang 49 mg KOH/g.

Tét ca cac hoa chit duogc st dung 1a cac hoa
chét tinh khiét thuong mai cé xuét xt Pc hodc
Trung Qudc.
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2.2 Phwong phap nghién ciu
2.2.1 Ester hoa xuc tac acid

Thi nghiém duogc bd tri nhu Hinh 1. Giai doan
nay, cac diéu kién phan tng duoc ¢b dinh nhu sau:
nhiét do 65°C, thoi gian phan tng 14 3 gio, phan
tram thé tich methanol va phan tram khdi lwong
acid sulfuric so v6i JO 1an luot 1a 50% va 1%, toc
d6 khudy 1a 600 vong/phiit va khdi lugng JO & mdi
thi nghiém dugc dung khong déi 1a 50g.

Nudc ra

Ong sinh han

Nudc nong

May khuéy tir

Hinh 1: Thiét bi thue hién phan ing ester hoa
2.2.2 Transester hoa xuc tdc base

Sau giai doan 1, JO thu dugc co chi s6 acid
bang 2.4 mg KOH/g, thich hgp cho thyc hién phan
ung ¢ giai doan 2. Trong giai doan transester hoa,
khéi lugng cia JO thu dugc sau giai doan ester hoa
& mdi thi nghiém dwoc dung khong dbi 1a 50 g,
khdi lwong methanol tir 16.59 dén 33.41% (tinh
theo khdi lugng dau), ham lugng xiic tac thay ddi
tir 0.16 dén 1.84% (tinh theo khoi lugng dau), thoi
gian khao sat tir 26.36 dén 93.64 phut. Xuc tac
KOH hoa tan trong methanol bing may khudy tir
trude khi cho vao binh phan tng chira hon hop dau
va acetone (lwong acetone dugc lay khong ddi la
10% so voi khéi luong dﬁu) tai nhiét d§ phong.

Hon hop sau phan tmg duge dé 6n dinh trong
ph&u chiét va tach 16p. Tach lay 16p trén, cho thém
petroleum ether vao lic manh, sau d6 cho tiép mot
luong vira di methanol vao. Luc nay biodiesel sé
tan trong methanol, con dau thira s& tan trong
petroleum ether. Tach 1y phan tan trong methanol
thu duoc biodiesel. Rira hon hop vai 30% thé tich
nude am khoang 60°C va lam khan bang cach dun
110°C khoang 20 phut. Can san phdm va xac dinh
hiéu suat phan ting.

Dua vao két qua phan tich thanh phan tinh duoc

M e =utrong d6, Mi: khoi lugng phan tir
m

i

trung binh ciia hdn hop methyl ester; m;: phan trim
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khéi luong methyl ester. Tur do, tinh dugc hiéu suét
tong hop biodiesel.

(RCO0);C;Hs  +

Tir khéi lwong JO va M o di biét tinh duge s6
mol cua JO tham gia phan ung. Do trong thi
nghiém, luong MeOH duoc ding du, nén hiéu suit
phan tng s& dugc tinh theo JO tham gia phan tng,
tir d6 tinh duoc sé mol biodiesel theo phan g (*).

MeOH

Hiéu sudt phan tmg (ki hiéu Hyjug) dwoc tinh

A , m L
theo cong thirc sau: H,, =—"x100, v6i mrr

LT
=M ve x3n diu-

2.2.3 Xac dinh do nhot dong hoc tai 40°C va
chi 5o acid

Do nhdt dong hoc dugce xac dinh & 40°C béng
cach do thoi gian dé mot thé tich chit long xac
dinh chdy qua m{t mao quan thuy tinh dudi tac
dung ctia trong luc. Trong nghién ciru nay, thiét bi
do d6 nhdt Viscosity Measuring unit ViscoClock
(Schott Instrument) c6 ché do tu dong hién thi thoi
gian dugc st dung dé xac dinh do nhat dong hoc
cua JO ciing nhu JME. DB$ nhét dong hoc 1a Kkét
qué tinh duoc tir thoi gian chay va hang sb tuong
{mg cua nhot ké Ostwald.

Chi sb acid cua dau nguyén liéu ciing nhu
biodiesel dugc xac dinh bang phuong phép chuan
d0 theé tich.

2.2.4 Xdc dinh thanh phan hon hop methyl ester

Thanh phén methyl ester ctia acid béo duoc
phén tich bang GC-MS (Thermo scientific), voi

KOH,

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 36 (2015): 66-72

Phén {mg transester hoa dién ra nhu sau:

3RCOOCH; + Glycerol (*)

cot TG-SQC GC (15mx0.25mmx0.25um). He
dugc sir dung lam khi mang véi toc do dong
1.2 mL/min. Chuong trinh nhi¢t 6 nhu sau: Nhiét
d6 dau 60°C, téc do gia nhiét 10°C/min dén 260°C
va gitt 1 phut. Thanh phdn acid béo dugc x4c dinh
thong qua cac dinh ciia phd d6 twong tng véi khdi
lwong phan tir ¢6 trong dit liéu di kém vai hé thong
GC-MS.
2.2.5 Cac bucc thuc hién bai toan quy hoach

theo RSM két hop véi mé hinh CCD

Lwa chon nhan té doc lap anh huéng dén
ham muc tiéu Y (hiéu suat tong hop biodiesel)

Phén‘ tram khéri luong methanol so voi dau
(X4), phan tram khoi lwong xuc tac so voi dau (X»)
va thoi gian phan Gng (X3).

S6 thi nghiém

JME

S6 thi nghiém N= 2% + 2k + 6 (N = 20 v6i
k =3). Trong do, k 1a s6 bién s6 doc 1ap va 2k sb thi
nghiém b sung tai diém sao. Khoang cach tir tim
dén diém sao a = 2¥* (o = 1,68 voi k =3). Tat ca
cac nghién ctru dugc thyc hién & nam muc (-a, -1,
0, +1, +@). Nhu vy, trong nghién ctru nay 20 thi
nghiém s& dugc thyc hién véi 2° sd thi nghiém
cua quy hoach toan phan 6 thi nghiém lap lai tai
tam dé danh gia sai so va 6 thi nghiém bd sung tai
diém sao nam cach vi tri tdm thuc nghiém mot
khoang *¢.

Béng 1: Xac dinh giéi han pham vi va mirc bién déi cia cac nhan to

Bién thuc

Mire nghién ciru

Bién ma hoa Don vi

-1.68(—a) -1 0 +1 +1.68(+a)
Ham lugng methanol/dau Xi % 16.59 20 25 30 33.41
Ham luong xtc tac/dau X % 0.16 0.5 1 1.5 1.84
Thoi gian phan ting X3 phut 26.36 40 60 80 93.64
Trong nghién ctru niy, mién khao sat nhu sau: Y hiéu suat dy doan tao thanh biodiesel (%).
ham lwong methanol tir 16.59 dén 33.41% (tinh b, hé s6 hdi quy biac 0.

theo kh(‘)ir luong déu), ham luqng xuc tac Fhay ddi
tr 0.16 dén 1.84% (tinh theo khoi luong dau), thoi
gian khao sat tir 26.36 dén 93.64 phut.

Phin tich thong ké

Mb hinh thong ké biéu dién sy phu thudc ciia
hiéu suat biodiesel vao cac nhan to dugc ma hoa la
mot phuong trinh da thire bac hai cé dang:

Y:ba+z3:b,.Xi+Zb X2+Z Z b, XX,
i=1 i=

i=1 j=1+1
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X;nhan t6 doc 1ap thtr i anh hudng dén ham muc
tiéuY.

b; hé s hoi quy bac 1 mo ta anh huéng clia nhan t6
XivoiY.

biihé s0 h01 quy tuong tdc mod ta anh hudng cia
yeu to XivoiY.

b;; hé s6 hdi quy twong tic mo ta anh hudng ddng
thoi X va Xj voiY.
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i . . " tich bang GC-MS. Két qua phan tich thanh phan
3 KET‘QUA YA THAO LUAN7 dugc tom tat trong Bang 2. Thanh phan C16:0,
3.1 Thanh phan methyl ester cia JME C18:1 va C18:2 chiem nhicu nhat (khoang 75%).
Thanh phan acid béo chinh ciia JME duoc phan Ham luong cua da noi doi chiém khoang 31.37%.

Bing 2: Thanh phin methyl ester ciia acid béo chinh ciia JME, %

Tén thong thwong Tén theo IUPAC Céu tric* Phén trim
Methyl palmitoleate Methyl 9-hexadecenoate 16:1 2.25
Methyl palmitate Methyl hexadecanoate 16:0 23.39
Methyl oleate Methyl 9Z-octadecenoate 18:1 20.16
Methyl linoleate Methyl 9Z7,12Z—octadecadienoate 18:2 31.37
Methyl stearate Methyl octadecanoate 18:0 13.12
Methyl ricinoleate Methyl 9—cis—12—hydroxyoctadecenoate 18:1 6.86
Acid béo bdo hoa 36.51
Acid béo chira mdt ndi doi C=C 29.27
Acid béo chira nhiéu ndi d6i C=C 31.37
Thanh phan khac 2.85
Khdi lwgng phén tir trung binh cia JO 843.25
* xx:y tiong ikng voi xx carbon trong acid béo va y la sé lién két doi
3.2 Xéc dinh didu kién t8i wu ciia phan éng suat biodiesel vao cac nhadn to0 ham luong
transester héa JO bing phwong phap quy hoach methanol, ham luong xtc tac va thoi gian phan ing
thwe nghiém theo RSM két hop véi md hinh CCD cua phan ung transester hoa. Picu kién rang budc

la gi¢i han cia ving nghién ciu. Phin mém
Design—Expert 6.0.8 dugc st dung dé phéan tich,
xdy dung phuong trinh hdi quy va giai bai toan
t6i uu.

_ Bai toan t6i uu dugc 1ap dua trén phuong trinh
héi quy xac dinh bang phuong phép quy hoach
thuc nghiém la ham moé ta sy phu thudc cua hi€u

Bang 3: Ma tran ké hoach thyc nghiém va két qua thwe nghiém

STT Gis tri thuc Hiéu suit (Y)

X1, Methanol X2, Xiic tac X3, Thaoi gian Thuc nghiém Tinh toan

1 25 1 60 78.33 78.38
2 25 1 60 78.33 78.38
3 25 1 60 78.57 78.38
4 25 1 60 77.84 78.38
5 25 1 60 78.75 78.38
6 25 1 60 78.33 78.38
7 20 0.5 40 83.42 84.12
8 30 0.5 40 80.30 79.2
9 20 1.5 40 81.24 78.59
10 30 1.5 40 77.10 79.40
11 20 0.5 80 81.26 79.48
12 30 0.5 80 72.21 75.38
13 20 1.5 80 72.21 73.82
14 30 1.5 80 75.64 75.45
15 16.59 1 60 80.63 82.14
16 33.41 1 60 81.62 79.38
17 25 0.16 60 77.45 77.11
18 25 1.84 60 72.90 72.51
19 25 1 26.36 81.92 82.61
20 25 1 93.64 76.81 75.39

r 2 2 2
"M hinh toén hoe mo td méi quan hé gitta higu ~ 213"Xs * 0.84TXT - 1267X, + 0.2,
suat phan tng tong hop biodiesel véi cac bién ma FLA3*X* X, + 0.21%X*X5 - 0.03*X,*X5 - (2)
héa nhu sau: Y= 78.38 — 0.82*X, — 1.37*X, —
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Két qua so sanh hiéu suét biodiesel thu duge tir
thuc nghiém véi gid tri du doan dua trén mo hinh
vira xay dung thé hién ¢ Hinh 2.

Du doan
o0
B5
[}
a"
807 = -
-
-
7 = Em
Ll
.
Tu-~

=
o
&=

» Thyuc nghiém

Hinh 2: So sanh hiéu suit biodiesel tir thuc
nghiém va tir mé hinh dwogc xay dung

r=10.89

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 36 (2015): 66-72

Hé s6 twong quan (coefficient of correlation) r
cao cho thay c6 thé sir dung mo hinh dé tién doan
thyc nghiém va ngugc lai. Piéu nay cho thy
phuong trinh hdi quy di mé ta chinh xac cac s6
liéu thyc nghiém.

Gia tri P lién quan dén kiém dinh F cta mo
hinh (F—test hay kiém dinh Fisher) & Bang 4 c6 gi4
tri nho hon 0.05 (179 P = 0.0179) cho thiy do
trong thich cia phwong trinh hdi quy véi thuc
nghiém tir d6 cho thiy do tin ciy théng ké. Hé sb
xéac dinh R? (coefficient of determination) cho biét
79.21% su bién dbi cua hi¢u suat biodiesel 1a do
anh huong cla cac bién doc lap nhu ham lugng
methanol, ham lugng xuc tac va thoi gian phan
mg, chi ¢6 20.79% sy thay ddi 1a do cac yéu td
khong xé4c dinh dugc giy ra (sai s6 ngiu nhién).
Bén canh d6, hé sé bién thién CV (coefficient of
variation) thap ching to rang cac thi nghiém duoc
thuc hién chinh xac va d¢ ldp lai cao (Box GEP et
al., 1978).

Bang 4: Két qua phén tich phwong sai cho mé hinh da thirc bac hai

Ngudn bién thién Tong binh Béac tu do T rung binh Giatri F Giatri P
phuong binh phuong
M5 hinh 151.98 9 16.89 4.18 0.0179
X, 9.21 1 9.21 2.28 0.1621
X 25.47 1 25.47 6.30 0.0309
X; 63.01 1 63.01 15.59 0.0027
X1 X2 16.42 1 16.42 4.06 0.0715
XiX; 0.34 1 0.34 0.083 0.7789
XX 7.200E-003 1 7.200E-003  1.782E-003 0.9672
Xi? 10.18 1 10.18 2.52 0.1436
X2? 22.99 1 22.99 5.69 0.0383
X5? 0.69 1 0.69 0.17 0.6890
Phan du 40.41 10 4.04 0.1621
Sai s6 ctia md hinh 39.94 5 7.99 85.12 <0.0001
Sai s6 ngiu nhién 0.47 5 0.094
Tong sb 192.39 19

CV=2.57%, R> = 0.7921

Trong ving khao sat, phuong trinh hdi quy cho
thdy hiéu suat biodiesel chiu anh huéng bac 1, bac
2 cuia ca ba nhan t6 nghién ciru X1, X2, X3 va chiu
anh huéng dong thoi cua cac cdp nhan té ham
lwgng methanol — ham lugng xuc tac (X;*X5), ham
lugng methanol — thoi gian phan ung (X;*X3), ham
lugng xtc tac — thoi gian phan ung (X>*X3).

Anh hudng cia cac yéu td doc lap cé thé duoc
giai thich dwa vao phuong trinh hdi quy (2). Him
lugng xtc tac cd anh hudng ti€u cuc ddi vé6i hiéu
sudt phan tmg tong hop biodiesel ca bac mot va bac
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hai. Piéu nay c6 thé dugc giai thich 1a do khi ting
ham lugng KOH, phan ing xa phong hoa xay ra
manh lam ting d6 nhét ctia hdn hop phan ung va
lam giam hiéu suét. Thoi gian phan tng anh hudng
tidu cyc bac mot 16n nhit dén hiéu suat phan tng.
Didu nay ciing co thé dugc giai thich 1a do khi
phan g gan nhu hoan tat viéc kéo dai thoi gian
phan @mg s& khong c6 ¥ nghia, nguoc lai, ¢6 thé
xday ra phan tng thuy phan ester (phan tng nghich)
lam giam hiéu suat phan tmg. Ham lugng methanol
anh huong tiéu cyc bac mot va tich cyuc bac hai dén
hiéu suét phan ting nhung hau nhu khong dang ké.
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D6 thi cac dudng ddng muc (contour) Hinh 3b,
3d va 3f dugc xdy dung trén co so gitr ¢b dinh ham
lwong KOH (1% so voi khéi lugng dau), thoi gian
va ham lugng MeOH (25% so v6i khdi luong dau)
tuong tng. Theo db thi Hinh 3b va 3d thi khi ham
luong MeOH 16n hon 21% hiéu suit phan tng ¢

Higu suat (%)
4r
82
a0
78

76
74

— 3226 _
Thisi gian (phiit) 70 80 30 MeOH (%)

Hiéu suat (%)
B4 — =

82
80
78
76
74

72 2

— == =05

KOH (%s)
Thin gian (phat)

€

khuynh huéng giam. Twong ty nhu viy, do thi
Hinh 3b va 3f cho thdy khi thoi gian phan tng kéo
dai hon 45 phut thi hiéu suit phan mg giam. Ham
luong xtc tic ciing anh hudng tiéu cuc dén hiéu
suit phan tmg khi ham lugng cua né vuot qua
0.8% so v6i luong dau.

Hiéu sudt (%)
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Hinh 3: P thi dang 3D (a), (¢), (e) 3D response surface) va cac dwong dong mu'c (b), (d), () 2D
contour) cho biét anh hwéng ciia cic cip yéu to dén higu suit biodiesel khi yéu t6 con lai dworc giir cd
dinh & mirc khong: (a) va (b) ham lwgng methanol — théi gian phén ing; (c) va (d) ham lugng
methanol — ham lwgng xic tac, (e) va (f) ham luwgng xitc tac — thoi gian phan @ng
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3.3 Nhiing tinh chit héa — Iy ciia JME

ASTM: American Standards for Testing
Materials

Theo tiéu chudn ASTM, gi6i han thap nhit cua
ham lugng ester (ty 1€ véi hiéu sut biodiesel) cua
biodiesel 13 96.5%, tir két qua ¢ Bang 5, ham lugng
ester ciia JME 1a 97.15%, diéu nay cho thay hau
nhu toan bo JO da chuyén hoa thanh ester.

Céc chi tiéu vé 5chi s6 acid VE‘lﬂd(?) nhét dong hgc
0 40°C cua san pham biodiesel tong hop duoc déu
dat yéu cau theo ti€u chuan ASTM.

Bang 5: Nhiing tinh chit héa-ly ciia JME

Dau

Ciac thong so phan tich ASTM Diesel JME
Igam })uong methyl ester 96.5 9715
tong, %
Chi s0 acid, mg KOH/g 0.5 max - 041
Do nhét dong hoe 6:40°C. 1 9 50 32 425
mm-*/s

4 KET LUAN

Mot qua trinh gdm hai budc gém (1) ester hoa
xuc tac acid va (2) transester hda xuc tac base da
dugc thyc hién trong nghién ctru nay dé téng hop
biodiesel JO. Nhiing yéu t6 anh huong dén qua
trinh transester héa nhu ham luwong methanol, ham
luong xtUc tac va thoi gian phan tng da dugc phan
tich thong ké theo md hinh tam phirc hgp (CCD) va
phuong phéap bé mat dap tmg (RSM). Hiéu suit tdi
uu dat dugc 83.71% tuong ung vdi cac didu kién
sau: ham lugng methanol 20.2% so véi lugng dau,
n6ng dd xuc tac 0.64 % so v6i khoi lugng déu, sau
40.8 phut thyc hién phan tmg. Cac chi tiéu vé& chat
lwong nhu ham lugng methyl ester, chi s6 acid va
dd nhét dong hoc ¢ 40°C cua san ph'fim biodiesel
tong hop dwoc déu dat yéu cau theo tiéu chuén
ASTM.
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