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ABSTRACT 

DETERMINATION OF SALBUTAMOL IN MEAT SAMPLES WITH GC-MS METHOD  

An-Sa Tran Nguyen*, Vi-Hau Nguyen Trang 
Ho Chi Minh City University of Food Industry 

*Email: satna@cntp.edu.vn 

The optimal conditions for determination of salbutamol in meat samples by GC/MS 
method with Agilent 7890N system, MSD 5975C, HP – 5MS have been investigated. The 
parameters for the column oven, injector, detector, limit of detection (LOD), and limit of 
quantitation (LOQ), recovery performance, conditions of sample processing methods have 
been also examined. The results of the survey were obtained with the scanning mode: SIM; 
program heat: 120 ºC (0,1 min), increase 15 ºC/min to 245 ºC, increase 30 ºC /min to 300 ºC 
for 10 minutes; injection mode: splitless; LOD = 0.12 ppb, LOQ = 0.41 ppb, linear range 
from 10 ppb to 200 ppb, LOD and LOQ on the sample were 0.018 ppb and 0.049 ppb, 
respectively, and the recovery of method: 100.7 %. 

Key words: Salbutamol, Salbutamol – d3, GC/MS, meat samples, SIM.  
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ABSTRACT

  Geopolymerization is the process of reactions among alumino-silicate resources in high 
alkaline conditions developed by Joseph Davidovits in 1970s. The reactions form chains and 
rings  of  alumino-silicate  networks  in  geopolymeric  structures.  The  raw  materials  used  for 
geopolymerization normally contain high SiO2 and Al2O3 in the chemical compositions such 
as meta-kaoline, rice husk ash, fly ash, bottom ash, blast furnace slag, red mud, and others. 
The geopolymer-based material has potentials to replace Ordinary Portland Cement (OPC)-based 
materials in the future because of its lower energy consumption, minimal CO2 emissions and 
lower production cost as it utilizes industrial waste resources. Moreover, in this paper, coal 
bottom  ash  (CBA)  and  rice  husk  ash  (RHA),  which  are  industrial  and  agricultural  wastes, 
were used as raw materials with high alumino-silicate resources. Both CBA and RHA were 
mixed  with  sodium  silicate  (water  glass)  solution  for  20  minutes  to  form  geopolymer 
materials.  The  specimens  were molded  in  5-cm  cube  molds  according  to  ASTM
C109/C109M 99, and then cured at room temperature. These products were then tested for

3engineering properties such as compressive strength (MPa) and volumetric weight (kg/m ),
3and  water  absorption  (kg/m ). The  results  indicated  that  the  material  can  be  considered

3 3lightweight with volumetric weight from 1394 kg/m to 1655 kg/m ; compressive strength at
328 days is in the range of 2.38 MPa to 17.41 MPa; and water absorption is at 259.94 kg/m .

Keywords: Coal bottom ash,  geopolymers,  rice  husk ash, industrial waste, engineering
properties.

1. INTRODUCTION

  Geopolymer  is  inorganic  polymer  material  based  on alumino-silicate  networks  which 
are  products  of  reactions  among  alumino  silicate  resources  in  high  alkaline  condition. 
Geopolymer  has  been  recently  gaining  attention  as  an  alternative  binder  for  Ordinary 
Portland  cement  (OPC)  due  to  its  low  energy  and CO2 burden  [1-3].  This  binder  is  also 
referred  by  other  researchers  as  alkali-activated  pozzolan  cements  [4]  or  alkaline  activated 
materials [5] to describe the alkali activation of the solid alumino-silicate raw materials in a 
strongly alkaline environment. It has been estimated that the use of such geopolymer cement 
can reduce about 80% of the CO2 emissions associated with the cement production [3, 6]. In 
addition, its reported advantage over OPC in terms of material performance includes longer 
life  and  durability,  higher  heat  and  fire  resistance,  and  better  resistance  against  chemical 
attack  [3,  7-10].  Unlike  Portland  cement, the  solid  component  of  such  binder,  which  is  the 
main source of reactive alumino-silicates, can be sourced out entirely from industrial waste
materials such as blast furnace slag, fly ash, bottom ash, rice husk ash, and red mud [10-15].
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This research presents the utilization of coal bottom ash and rice husk ash as raw 
materials to produce a geopolymer-based material. These raw materials constitute the blend 
of the alkali-activated binder in this study. CBA was used as the primary source of reactive 
alumina and silicate. It is an industrial waste of coal-fired power plants, which is estimated to 
be over 125 Mt/year worldwide [16-18]. Rice husk ash was used as the primary source of 
reactive silica. It is a by-product of burning agri-waste particularly rice husk, with an 
estimated generation rate of over 20 million metric tons per year worldwide [19-21]. It is 
highly porous, lightweight material with very good pozzolanic properties which is used to 
produce cheap insulating refractory materials (e.g., see [22]).  

2. MATERIALS AND METHODS 

2.1. Materials 

  
 

 

 

 

 
 

  
 

 

  In this paper, the CBA waste was obtained from the Tan Rai Power Plant (Lam Dong, 
Viet Nam). The CBA after being dried for 24 hours were ground in 4 hours by a ball miller
and  then  sieved  using  a  90  μm-mesh. On  the  other  hand,  the  rice  husk  ash  (RHA)  was 
produced from the burning of rice husk at 650 ºC for one hour in the furnace. The rice husk
was  obtained  from  the  agricultural  waste  in  Dong  Thap  province,  a  local  of  the  Mekong 
Delta, Vietnam. The burned rice husks were also ground in 30 minutes and sieved afterwards
to produce RHA. Water glass solution (WGS) was from Bien Hoa Chemical Factory, Dong 
Nai province, Viet Nam.

2.2. Mix proportion and experimental process

  Through some preliminary investigations of changes in the ratio of CBA/RHA (e.g. 1/0;
0.75/0.25; 0.5/0.5 (or 1/1); 0.25/0.75 and 1/0), most of these ratios did not meet the technical 
requirements,  except  for the  ratio  of  1/1. Therefore,  this ratio was  chosen  for  all following
experiments. In detail, a mixture of solid powder with 50% CBA and 50% RHA was mixed 
with  WGS  concentration  from  10  to  28%  (in  weight  of  liquid  powder  per  solid  solution).
Table 1 showed the mix proportions and WGS solution using for doing experiments in this 
research. The effects of WGS proportions were investigated through engineering properties 
of the geopolymer specimens after cured at room condition for 28 days. 

Table 1. Mix proportions used in the design of experiments  

Mixture  
(Sample) 

Proportion of solid powders (% in wt) Concentration of 
WGS (% in wt, 

liquid/solid) CBA RHA 

G10 50 50 10 

G16 50 50 16 

G22 50 50 22 

G28 50 50 28 

The powdered raw materials were prepared according to the designed proportion and then 
mixed with 10 to 28% (by weight of the powdered solid) water glass solution for 20 minutes 
using a laboratory cement mixer [23]. Water is also added to adjust the pH value of the paste 
mixture to around 12. The fresh geopolymer paste was molded to a standard cubic size       
(50 mm x 50 mm x 50 mm) and cured at room temperature condition (30oC, 80% humidity) 
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for 28 days. After curing, these specimens were tested for engineering properties. At least 
three cured specimens were prepared prior to each test. Figure 1 depicts the flow of the 
experimental process. The mixing process and specimen preparation are then repeated for all 
mix proportions. 

Compressive strength (MPa) and volumetric weight (kg/m3) tests were performed for 
the 50-mm cube specimens according to ASTM C109/C109M [24]. On the other hand, water 
absorption test specified by ASTM C140 was also performed [25]. 

 

Figure 1. The flow chart of experimental process  

3. RESULTS AND DISCUSSION  

3.1. Properties of raw materials  

Table 2 summarizes the chemical composition of these alumino-silicate raw materials. 
RHA contains high silica with 83.2% of SiO2 and low loss on ignition (LOI) value at 4.6%. 
The LOI value is an important parameter in material engineering. It shows the completeness 
of the burning process to obtain the RHA with high silica and activity. Therefore, it is 
necessary to have a proper heating regime to get RHA with high quality CBA has 20.85% of 
Al2O3, 52.63% of SiO2, 9.08% of Fe2O3 in its chemical composition. As indicated in XRD 
patterns of these materials (see Figure 2), the raw materials contain both amorphous alumina 
and silica [26-27] suitable for geopolymerization reaction at high alkaline condition. For 
mineral compositions, CBA has quartz (SiO2) and aluminum silicate oxide (Al2SiO5) in its 
crystal phases, RHA contains only cristobalite (SiO2) in the crystal structure. As for the 
alkaline activator, water glass or sodium silicate solution (32% SiO2, 12.5% Na2O and 55% 
H2O) with a silica modulus of 2.5 was used. Volumetric weight of CBA is at 1378 kg/m3 and 
bulk density of CBA is at 2560 kg/m3. 
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Table 2. Chemical composition (% in weight) of CBA and RHA. 

Oxides CBA RHA WGS 

Al2O3 20.85 0.37 - 

SiO2 52.63 83.20 32.00 

Fe2O3 9.08 1.70 - 

Na2O 0.22 - 12.50 

K2O 4.75 6.60 - 

Others 3.86 2.93 - 

L.O.I 8.61 4.60 - 

Moisture content (%) 2.66 0.23 55.50 

 
Figure 2. XRD patterns of CBA and RHA [26-27] 

3.2. Engineering properties of geopolymer products 

Table 3 summarizes the results of the experimental test done on the geopolymer 
specimens. All geopolymer specimens after 28 days were having low volumetric weight. 
These values range from 1394 to 1655 kg/m3 which are less than the prescribed volumetric 
weight (1680 kg/m3) for a lightweight concrete brick in ASTM C55-99 and ASTM C90-99a 
[28-29].  

Table 3. Engineering properties of the geopolymer specimens. 

Samples Volumetric weight (kg/m3) Compressive strength (MPa) Water absorption (kg/m3) 

G10 1394 2.38 394.10 

G16 1472 6.23 367.61 

G22 1546 14.10 334.79 

G28 1655 17.41 259.94 
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Figure 3. The lower values of volumetric weight 

compared with ASTM C90 for lightweight  
concrete brick 

Figure 4. Water absorption of the ash 
geopolymer compared with lightweight 

concrete brick in ASTM C90 

As for water absorption, the G28 specimen has the lowest value (259.94 kg/m3) whereas 
G10 has the highest value (394.10 kg/m3). Nevertheless, the water absorption value of the 
geopolymer (sample G28) was still lower than 288 kg/m3 which is the prescribed limit 
according to ASTM C55 or C90 [28-29] requirements for lightweight concrete brick material. 

 
Figure 5. Compressive strength of geopolymer with 22-28% WGS is higher than the 

lower limits of ASTM C90 
The 28-day compressive strength of the specimens ranges from 2.38 to 17.41 MPa. 

Specimens G22 and G28 were above 11.7 MPa, which is the prescribed strength for concrete 
brick according to ASTM C55 and C90-99a standards. 

4. CONCLUSIONS 

This paper presents an experimental study to produce and optimize a light-weight 
geopolymer-based material from a blend of coal bottom ash waste and rice husk ash. The 
ash-geopolymer based materials with a solid powder mix of 50% CBA and 50% RHA and 
alkaline-activated with 28% (by weight of solids) of water glass (silica modulus of 2.5) 
produced geopolymers with an average 28-day compressive strength of 17.4 MPa, water 
absorption of 259.9 kg/m3, volumetric weight of 1655 kg/m3. These values were in good 
agreement with the required values of the ASTM C55 and C90 for lightweight concrete 
brick. The ternary-blended geopolymer can thus be potentially used as lightweight material 
for masonry walls or partitions. Future studies will consider chemical resistance of the 
material and other thermal properties such as thermal conductivities, thermal expansion 
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coefficient. Microstructure of these geopolymers will also be studied further to understand 
the relationship among composition, microstructure and macroscopic properties of such 
materials.   
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TÓM TẮT

ĐÁNH GIÁ CÁC ĐẶC TÍNH KỸ THUẬT CỦA VẬT LIỆU GEOPOLYMER
TỪ TRO ĐÁY VÀ TRO TRẤU

*Nguyễn Văn Phúc, Nguyễn Học Thắng
Trường Đại học Công nghiệp Thực phẩm TP.HCM

*Email: thangnh@cntp.edu.vn

  Geopolymer hóa là quá trình phản ứng giữa các nguồn alumino-silicat trong điều kiện 
kiềm  cao  do  Joseph  Davidovits  phát  triển  vào những năm  1970.  Các  phản ứng  hình  thành 
các chuỗi và vòng của mạng alumino-silicate trong các cấu trúc vi mô của nó. Nguyên liệu
được sử dụng cho quá trình polymer vô cơ hoá thường chứa SiO2 và Al2O3 cao trong thành 
phần hóa như meta-kaolin, tro trấu, tro bay, tro đáy, xỉ lò cao, bùn đỏ, và các loại khác. Vật 
liệu geopolymer có tiềm năng thay thế xi măng truyền thống trong tương lai do tiêu thụ năng 
lượng thấp hơn, lượng khí thải CO2 và chi phí sản xuất thấp do sử dụng các nguồn chất thải 
công nghiệp. Hơn nữa, trong bài báo này, tro đáy của quá trình đốt than (CBA) và tro trấu
(RHA),  là các chất  thải  công  nghiệp  và  nông  nghiệp,  được  sử dụng  làm  nguyên  liệu có 
nguồn alumin silicat cao. Cả CBA và RHA đều được trộn với dung dịch natri silicat (thuỷ
tinh lỏng)  trong  20  phút để tạo ra  vật  liệu  geopolymer.  Các  mẫu  được  đúc theo  khuôn lập
phương 5 cm theo tiêu chuẩn ASTM C109 / C109M 99, sau đó được bảo dưỡng ở nhiệt độ
phòng. Các sản phẩm này sau đó đã được kiểm tra về các tính chất kỹ thuật như độ bền nén
(MPa),  khối lượng  thể tích  (kg/m3), và độ hút nước  (kg/m3).  Kết  quả chỉ ra  rằng các 
geopolymer là vật liệu nhẹ với trọng lượng thể tích từ 1394 đến 1655 kg/m3; Cường độ nén
tại 28 ngày nằm trong khoảng từ 2,38 đến 17,41 MPa; và độ hút nước là 259,94 kg/m3.

Từ khóa: Tro đáy, tro trấu, rác thải công nghiệp, geopolymer, đặc tính kỹ thuật. 

 




