CHAPTER 3
EXPERIMENT METHODS
31 Characterization of zinc waste

In this study zinc waste resulted from zinc refinery process of Padaeng Industry
Co., Ltd, Tak province, Thailand has been used as a starting raw material along with

other raw materials to produce glasses in suitable compositions. As described

previously in Chapter 2 that the compos zinc waste generated from different

DS f
plants can be varied dependi \:}. 5 0 %:rals and materials adding during

zinc recovery process [2, 3], theref initiall ristics and properties of zinc

waste used in this expﬂ ‘ \\\ ious technigues as follows:
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leferenUal Thermal Analysis (TG-DTAs NETZSCH STA 449C). The
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10°C/min under a flow of air atmosphere.

In addition, phase formation of caicined zinc waste at various temperatures:

300°C, 450°C, 600°C, 800°C, 1150°C and 1300°C were characterized by using XRD
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(JEOL JDX-3530) in order to compare the change of phases as the temperature

increased.
3.2 Experimental design

According to zinc waste contains various kinds of oxide. It is necessary to
narrow down to eight particular major oxides which make it easier to study the effect of
oxide compositions on glasses and glass-ceramics properties. Eight major oxides,

which were SiO,, B,0,, Na,0, CaO, MgO, Zn0O, ALO, and Fe,O,, have been used to

define glass composition experimental re ER) as shown in Table 3.1. Twenty-
five different glass compositions were d smg Mixsoft Computer software
based on a mixture experime i gions were defined by lower
and upper bounds on the cor ents. These compasition regions were selected from
preliminary study. \

Table 3.1 Co E ( ‘_ aipts for e 1ental design (%wt)

Single-component cg . { "‘\ \\: mponent constraints
Lower and uppg We 2r and upper bound
e 20 + Na,0 >20

5<B,0,< Si0, + B,0, >60
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The upaér and lower bounds for each ma]or xide were seleqﬁd based on the
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were défined for network modifier oxides (Ca0 + Na,O) and network former oxides (SiO,

+ B,0,). These bounds offer the opportunity to explore compositional regions that could
form glasses with acceptable properties. Oxide compositions in each glass composition

resulting from the design of Mixsoft-software are shown in Table 3.2. The oxide
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compositions of glass composition number 13 and 14 are identically controlled to

examine reproducibility of the experimental design.

Table 3.2 Suitable percent of oxides of 25 glass compositions (%wt)

GC# Composition (%wt)
sio, | B,0, | Na,0 | CaO | Mgo | znO | ALO, | Fe,0,
1 | 45.00 | 1500 | 1500 | 2000 | 000 | 100 | 100 | 3.00
> | 5500 | 500 | 15.00 | 10.00 | 10.00 | 1.00 | 1.00 | 3.00
3 | 4500 | 15.00 | 11,004/} 10.00 | 1.00 | 500 | 3.00
4 45.00 | 15.00.4 1 ' . 1.00 5.00 3.00
5 | 4500 | 15 48.0 300 | 1.00 | 3.00
6 | 45.00 | 15" i o‘o‘i&\ : 73.00 100 | 5.00
7 63.00 : 10.00 | 000.]/"3.00 | 100 | 3.00
8 | 59.00 | “6.00 |- 18.00 \ "8.00 | 500 | 3.00
9 | 47.00 0 0 4-10:00_ [, 0,00, | 48.00 | 500 | 5.0
10 | 57.00 | 5 00 42010 3.00 | 500 | 5.00
11 | 4500 | 15. 30| 2060 ooy 300 | 1.00 | 3.00
12 | 47.00 | 15.00 f 5881 2 0. 3.00 | 500 | 5.00

I dndild e 2l
13 | 60.00 | 15.00 = 000 | 1.00 | 1.00 | 3.00
AT DT
T g O , -
14 | 60.00 Jw15.007 5.00 | 15.00 90 | 100 | 3.00
- =

15 | 64.00 500 | 00 | 500 | 5.00
16 | 58.00 E.o?)“‘ 10.0 00 |00 | 100 | 500
17| 5600 | 500, | 500 | 1509, 10.00 | 100 | 500 | 300
18 | 46:007|] %56 | | w Y 'r.iﬁ 500 | 5.00

19 6400 5.00 10.00 .| 10.00 0.00 3.00 5.00 3.00

- =
L N T e Yl I
219 | 56.00 5.00 5.00 15.00 | 10.00 3.00 1.00 5.00

22 55.00 5.00 15.00 | 10.00 8.00 1.00 1.00 5.00

23 55.00 5.00 15.00 | 18.00 0.00 1.00 1.00 5.00

24 55.00 5.00 13.00 | 20.00 0.00 1.00 1.00 5.00

25 55.00 5.00 5.00 20.00 8.00 3.00 1.00 3.00
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Note that B,O, was added in glass compositions to obtain alkaline and alkaline

earth borosilicate glass. These glasses give high chemical durability that can reduce the

leachability of Pb from glass-ceramic products.

Due to eight major oxides have been defined by the lower and upper bounds,
thus the lower bound and upper bound are considered as the minimum and maximum
weight percent of each major oxide required for producing glasses. Consider oxide

compositions of the designed 25 glass compositions in Table 3.2 and oxide

compositions contain in zinc waste. ar v XRF (100% waste) in Table 3.3. It was
found that zinc waste contains f oxide compositions to producing
glasses by itself due to th ss than lower bound) and the

| ¥ lati F'S ent of 2 i
Table 3.3 Calcu Q li‘ e.p rc \“ \N te as raw matenal

E “. ‘ 30% waste
N
N

6.80
B,O, 0.00
Na,O 0.19
Ca0o 4.93

0.09

The prablems have been solved by reducing percent of zinc waste and adding

g
PN MR PTleN 1h 1
onnO.qM2 5 a L0, fit int gion of their'lower'a Hp r . As a result
the rest of oxides, which were SiO,, B,0,, Na,O, CaO, MgO and Fe,0,, need to be

added to reach the suitable percent of oxides in each glass follow Table 3.2 as

described in Appendix A.
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Table 3.4 Eight raw materials used as sources of added-oxides (%wt)

GC#1 | Silica sand | Boric acid Soda ash | Limestone | MgCO, | ZnO | ALO, | Fe,O,
si0,) | (8,0,3H,0) | (Na,CcO,) | (CacO,)
1 38.20 26.57 25.32 26.91 0.00 | 0.07 | 0.00 | 0.80
2 48.20 8.86 25.32 9.05 20.81 | 0.07 | 0.00 | 0.80
3 38.20 26.57 18.48 9.05 20.81 | 0.07 | 3.90 | 0.80
4 38.20 26.57 18.48 26.91 0.00 | 007 | 3.90 | 0.80
5 38.20 26.57 82241, 2334 2081 | 2.07 | 0.00 | 0.80
6 38.20 26.57 | 20.81 | 207 | 0.00 | 2.80
7 56.20 8.86 0.00 | 2.07 | 0.00 | 0.80
8 52.20 8.80 2532 | 906, 000 | 207|000 | 0:80
9 40.20 2 , }2\ '\ 7\%%\__ 0.00 | 207|390 | 2.80
10 50.20 8 224 2’@_.91\&0.00 207 | 3.90 | 2.80
11 38.20 26 19— 94 | 000 | 207|000 | 0.80
12 40.20 26.5 828 N4 % 000 | 207|390 | 2.80
13 | 5320 28574 I, 829 h 4788 0.00 | 0.07 | 0.00 | 0.80
14 53.20 26. ,g‘z_‘é?{’ . 17.9 0.00 | 0.07 | 0.00 | 0.80
15 | 57.20 886 | [ B22 | 1798 0.00 | 0.07 | 3.90 | 2.80
16 51.20 6.57__ =677/ a5 0.00 | 007 | 0.00 | 2.80
Ty ol P
17 | 4920 T% s 17 81 | 007 | 39 | 0.80
‘ — ‘,
18 38.20 657 | 167 ~871 | 007 | 39 | 2.80
l B g I
19 57.20 8:86 16.77 905 [“000 |207| 39 | 0.80
L= L7
20 4920 o 28657 %—g;jq‘ﬁ 05, 1 Ay 40,002 | 207 | 0.00 | 2.80
21 4920 | | Mides 9 | 1Tg: 17.08< |! bdg¥ | 207 | 0.00 | 2.80
22 | 48 f 9. : . . .
~ o 588 ’*_?2 R o A% o f o186 4007 | 000 | 2.80
23 is. ﬁ ﬁj | d bosa2d 1 2824 V|l Cdool Bfiolo7 | 0.00 | 2.80
|
24 48.20 8.86 21.90 26.90 000 | 007 | 0.00 | 2.80
25 | 4820 8.86 8.22 8.59 16.61 | 2.07 | 0.00 | 0.80
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3.3 Preparation of glasses

The Zinc waste and other raw materials were crushed and ground then sieved
through a sieve #100 mesh to make the particle size small and easy to be dissolved
during melting process. Moisture in zinc waste and raw materials was decomposed by
drying in the oven at 60°C for one hour. In each glass composition thirty percent of zinc
waste was weighted and mixed with other raw materials follows the ratios in Table 3.4.

The mixture was loaded into ceramic crucible (alumina-zircon) and melted in a glass

melting furnace as shown in Fig. 3.1 at¥ or one hour. The melted glass was then

)o avoid the thermal shock and
was left to cooling down in th s air -—l‘

_ ///‘ k\\\

poured on a pre-heated stainless

3.4 Charactenzatlon of melted glasses

wmw B\‘m WEIN?
Wﬁﬁ s RIRAYAAY

optical mlcroscopy (OM; Olympus BX 60MF5).
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3.4.2. Thermal behavior

In order to study crystallization behavior, Differential Thermal Analysis
experiments (DTA; Netzch STA 449C) were performed to determine the approximate
glass transition temperature, T, and crystallization temperature, T, of each glass sample.
The analyzer measured the difference between the sample thermocouple and the
reference (AL,O,) thermocouple with respect to the temperature of the furnace. A 30 mg

sample of glass powder was loaded into an alumina crucible. Glass and reference were

‘ 'Wrate of 10°C/min under a flow of air
3.5 Preparatiowsra Aics
\
Preparation 0/ ormed by heat-treatment

process. The temper:

heated from 30°C to 1200°C with

atmosphere.

35.1. i s‘?—é’qa' e
J.t’*r"h
#..rl_r

Each melted glass rushe o a'n m 3 to fine powder then sieved through

sieve #100. To make the pgwgspf:fﬁ *% rtogether, polyvinyl alcohol (PVA) was
mixed with 5 grams " owders by hand. Then the r liXture was pressed to form
X
¢
glass pellets using a Unisaxial pr KN 16ad.

3.5.2. Heat treatpent process

o Sl AN TNEI AT o e e

nucleation and crystal growth. Fnrstlyﬁ' the samples svere heat-treatediup to nucleation
mpciatu bnd 9 ] et b ol et hifofHdt Fotes up
crystal arowth temperature and hold at this temperature for 2 hours. The nucleation and
crystal growth temperatures were varied in four conditions as shown in Table 3.5 by

fixing the nucleation and crystal growth time at 1 and 2 hours, respectively.



23

Table 3.5 Conditions of heat treatment process

Conditions Heat treatment process
Nucleation ( °C) Crystal growth ( °C)
1 hour 2 hours
A 550 650
B 650 750
Cc 750 850
D 950

3.6

3.6.1.
- Volume shri

dition A, B, C and D was
\
i a

Volume shrinkages©
calculated by measuring th er (V,) heat treatment. The

volume shrinkage was

Volume shrinkage ,H o . (eq.3.1)

- Watera' 5 2l roS| i ad apparent densi

[

Percent of watei

density (B.D), and apmrent density (A.D ) of glass-cera

w41 £ 111 110
R SRR 31187

w;-w)
(W3 _Wz)

samples condition A, B, C

AP=| 1x 100 (eg. 3.3)
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B.D= [——KV‘—-] x Density of water (eq. 3.4)
(Ws - Wz)
W, .
A.D =[—————]x Density of water (eqg. 3.5)
(u,l - Wz)
Where, W,is dry weight (g)

W, is weight in water (g)

W is water filled i,}(g)
3.6.2. Crystal phas //
| __,./.-l' ,

Crystalline phase formeda-of t /-five heai-treated glasses (glass-ceramics) at

~condition B and C werewid: g ing X-ra ffractometry (XRD; Bruker D8

Advance) to investigate slopmeni-of phases as the heat-treatment temperature
increases. The data was ce (CuKoC). Glass-ceramic
powder ~100 mg was loag san holders and p fo on the stage. Condition B;

the scan was performed 43:» . f ng a step of 0.04%/sec at room

0° <20 < 70° by using a

36.3. Crystahm

s 7% "-‘

Morphology, - S =d-in glass-ceramic specimens

at condition B and C were characterized by using Optical MiCroscope (OM; Olympus BX

60MF5) and Wi i em | F). Twelve selected
samples, whirmr ; 'ﬂﬁﬂ i ﬁj1 s ﬁms, GC#14, GC#19,
GC#23, GC#24, GC#25, were cut in €ross-section and mounted in résin then polished
by usﬂ w%&ﬁmfﬁmuﬂa é;vm ELSQ aaﬂhe samples
were pglished by diamond paste 1 uym to obtain the flat mirror like surface. The

compositions of crystals and glass matrix formed in glass-ceramics were examined by

Electron Dispersive Spectroscope (EDS).
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3.6.4. Mechanical property

Mechanical strength of the glass-ceramic samples was measured by three point
bending method. Prior to the heat treatment, samples were prepared by pressing glass
powder as a rectangular bar of 0.5 x 1.0 x 5.0 cm in dimension. The sample bars were
heat-treated in condition B and C with respect to Table 3.5 Then they were polished by
using SiC powder patrticle size less than 2000 mesh on front and back surfaces until the
surfaces smooth and flat like a mirror. Five bars were prepared for each glass-ceramic

sample. All tests were performed YD 500, Intro enterprise Co., Ltd. The

crosshead speed was constan

3.6.5. Chemical durability

To evaluate tw :

samples, the standard r

ts in the glass-ceramics
dure (TCLP) was carried out
following method 1311 sed in this study has been
adjusted from the original r was reduced if the surface
area was out of the limi one hundred gram sample
was mixed in an appropri a covered beaker, stirred at

ambient temperature at me iquid was separated by filtration

and analyzed to determine thg_aij@‘_d

1etal of interest (Pb in this experiment)

by atomic absorption-s;

3.6.6. Coefﬁcné f-o

Coefficient of the‘rﬂ ﬁansion of ‘glass-ceramic samples condition C was
d

obtained for a uﬂsg a o&lt?]ﬁD 4%)81;1 fe]a cs samples were cut

U

as a rectangular bar of 5 x 5 x 8 mm#£The temperatuse condition was gget from 100°C to

100°0 il b b b b doE ¥l bl er] @hibure rones

were usqed to determine the thermal expansion coefficient by considering only the range

of graph between dL/dLo% and temperature that shows straight slope



Analyzing properties of zinc waste
by XRF, EDS, XRD, SEM, DTA and MS

Formulating 25 glass compositions

by Mixsoft-software
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Analyzing crystallization behavior

(T,and T,) by using DTA

------4
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e

Heat treating to produce glass-ceramics

in four different conditions

e W e e 4"‘?‘: g T . Al b%
Condition A | ’ y Il' » Condition D |
‘\

= Physical

» Physical

properties properties

» Physical propertie
= Phase formation: XRO=
a Crystal morphologi
SEM with EDS

= Mechani vvl;- ‘

Three point ber
= Chemical durability; TCLP
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N3N
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Fig.3.2 Flow chart of the experiment methods
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