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Abstract — In the previous research, a surgical blade was immersing into a molten aluminum-copper alloy and then destroy. A
conventional corrosion rate equation is not used directly to predict a need time for the surgical blade to destroy. A corrosion rate
constant should be corrected to become a dissolution rate constant. The aim of research is to propose a dissolution rate constant.
Method. The molten of aluminum-copper was melted at 750 °C for 30 minutes. The samples were 4 steel-cutters. Next the
sample was weighed firstly. Second, the half part of sample was immersed into molten aluminum-copper alloy for a certain
time (10; 20; 30 and 60 minutes). Next the sample was pull out and a sticked aluminum was removed from the sample
surface. Finally, the sample was weighed again. The thickness of sample was measured. The experimental results. The
thickness of steel-cutter becomes thinner with increasing the dipping time. The K (dissolution rate constant) is 2.34.

INTRODUCTION

The dissolution of ferrous alloy into molten a non-ferrous alloy is an interesting field to study [1, 2, 3,4, 5, 6]. In
the previous research, a surgical blade was immersing into a molten aluminum-copper alloy and then destroy as shown
in Figure 1 [7, 8, 9]. A conventional corrosion rate equation is not applied directly to predict a need time for the
surgical blade to destroy. A corrosion rate constant should be corrected to become a dissolution rate constant.

Immersing into molten metal alloy reduces the diameter of sample. Increasing dipping time increase rectifying
diameter of sample as shown in Figure 2. [10]. Corrosion is defined as the destructive and unintentional attack of a
metal; it is electrochemical and ordinarily begins at the surface [10, 11]. A rate of corrosion is the speed at which any
given metal deteriorates in a specific environment (examples: water and sea water) [12].

_

) Bforei -

(b) after

FIGURE 1. a surgical blade was immersed into a aluminum-copper alloy
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Fe-3C). is distributed in Al bath homogeneously. [2]

The Corrosion rate equation is shown in Equation (1)

CR=(W.K)/(p.A.?) (N
Where:
CR . corrosion rate P . density K :  constant of corrosion rate
w : weight A area t time

In order to predict a need time for the surgical blade to destroy the Equation (1) is used after the corrosion rate constant
should be corrected to become a dissolution rate constant. The aim of research is to propose a dissolution rate constant.

METHOD

Figure 3 shows the research flowchart, an copper wire is weight for 40 gram and an aluminum is for 60 gram. The
alloy is melted by a heating furnace. Then the Al-Cu Alloy molten was mixed by a stick at 800 °C and then hold for
30 minutes. Then the molten was ready. Second step the samples (4 steel-cutters) were washed, dried and then
weighted. Next the half of length of each sample was immersed into the molten aluminum-copper alloy for a certain
time (10; 20; 30 and 60 minutes). Then the furnace door was closed. Next the dipped sample was picked out. the
sample surface was cleaned from a sticked metal. The thickness, width and length of dipped area were measured. Next
each sample was reweighted. Finally, some calculation was done to find a dissolution rate constant.

40 grams
(Cu)

Measuring of dipping Weighting of
area sample sample

| Dissolution rate value

Calculating to find a
dissolution rate constant

FIGURE 3. Research Flowchart

030008-2
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RESULTS AND DISCUSSION

In this research, a half of length of sample was immersed into the molten of Aluminum-copper alloy with certain
times. There was a thin metal (aluminum-copper alloy) stick on the surface. But it is easy to remove. (Figure 4). The
dipping area of sample is location of dimension measuring (thickness, width and length).

(b).
4
® Dipping area'¥
il

()

FIGURE 4 The initial sample (a). A thin sticked metal is removed from the sample (b).
The sample (dipping area) was ready to thickness measuring (c)

Table 1 shows the results of thickness measuring. Table 2 shows the weight of the steel-cutter sample before (Wo)
and after (W1) dipping into the molten aluminum-copper alloy. Table 3 shows the result of calculated dipping area.

TABLE 1. Thickness of Sample (mm)
Dipping time (minutes)

No

Initial sample 10° 20° 30 60’
Average thickness 0.50 mm 0.381 mm 0.345 mm 0.271 mm 0.214 mm
Thickness loss 0 0.119 mm 0.155 mm 0.229 mm 0.286 mm
TABLE 2. Weight of sample before (Wo) and After (W1) dipping into molten
Dipping time W0 W1 Mass Loss
Minutes (second) (2) (2) (g)
10 600 6,500 5,710 0,79
20 1200 6,503 5,388 1,115
30 1800 6,500 5,246 1,254
60 3600 6,476 4,671 1,805
TABLE 3. Mass Loss/Dipping Area
Dipping time Mass Loss Dipping area Mass loss/dipping area
(Minutes) (Second) (2) (mm?) (g/mm?)
10 600 0,79 1914 0,00041
20 1200 1,115 1809,6 0,00062
30 1800 1,254 1660,8 0,00076
60 3600 1,805 1557 0,0012
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The data in Table 1 are plot in a graphic as Figure 5. Based on the Figure 5 it can be shown that increasing in the
dipping time reduce the thickness. For example, dipping times from 0 to 3600 second reduces the thickness from 0,5
mm to 0,21 mm. It is a proof that the sample dissolve into the molten. Phenomena of dissolution steel cutter into
molten like as phenomena of “corrosion”.
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FIGURE 5. Relationship between dipping time and thickness

The dissolution rate equation can be analog with the corrosion rate equation [1] as follows:

DR=W. K1)/ (p. A1. TY) 2)
Where:
DR : Dissolution rate Ki; : Constant of dissolution A1 : Dipping area (mm?)
(mm/second) rate
Wi : Massloss (g) p + density of ferrous (g/mm?) ti : Dipping time
(second)
The equation (2) can be rewritten as
DR = ((W,/4)/t) x (K,/p) (3)
The dissolution rate constant can be calculated as an equation (4)
(K,/p) = DR | ((W,/4)/t) 4)
The value of Dissolution Rate (DR) can be found as an equation (5).
DR = (Thickness loss / Dipping Time) %)

The value “((W1/A1)/t)” is shown as an equation (6).
((W1/A1)/t) = ((A mass loss/area)/ dipping time (6)
Finding dissolution rate value (DR)

The thickness loss increases with increasing dipping time as shown in Table 1 and Figure 6. The equation (7) is a
linear regression for relationship between thickness loss with dipping time
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FIGURESG. Relationship between dipping time and thickness loss

y=6.10" x +0,0976 (7)
where y = thickness loss (mm)
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x = dipping time (sec)

According to equation (7), the ratio of (thickness loss/dipping time) is nearly to 6. 10> mm/sec. Thus the dissolution
rate value (DR) (equation (5)) can be wrote as:

DR = 6.10" mm/second (®)

Finding Ratio of ((A mass loss/area)/A dipping time)

Based on Table 2 and Table 3, a graph ((A mass loss/area) versus dipping time) is made and shown in Fig. 7. Their
relationship is illustrated by equation (9).

y = 2E-07x+0,0003

»‘.’”’

0 1000 2000 3000 4000
Dipping Time (second)

FIGURE 7. Relationship between dipping time and mass loss/area
y=2.10"7x+0.0003 (&)
where

y is ratio of mass loss with area or (Wi/4:) and x is time (t).

Based on equation (9) it is found that
(M)t = 2.1077 (g / (mm?.second)) (10)

Finding Dissolution Rate constant (K1)

The equation (4) can be written since the equation (8) and the equation (10) are substituted
(Ki/p) = (6.107) / (2.107). (11)

Since p= 7.8 103 (gram/mm?), the equation (11) becomes

K1 =(6.10° x 7.8 109/ (2 107) (12)
K1 =234 (13)
CONCLUSIONS

The conclusion are as follows:
1. Since the steel cutter was immersed into molten aluminum-copper, the thickness of steel cutter becomes thinner.
2. Increasing the dipping time reduced the thickness of steel cutter.

3.DR=(W1.K1)/ (p. A1. 11)

Where:
DR :  Dissolution rate (mm/second) p ¢ density of sample (gram/mm°)
74! :  Mass loss (gram) A1 : Dipping area (mm?)
K . Constant of dissolution rate =2.34 ti : Dipping time (second)

030008-5

pd'GpELLO'S L 8000€0/72E962LLISYEYL LO'G/E901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq



ACKNOWLEDGMENT

This research was supported by Konsorsium Riset dan Inovasi Untuk Percepatan Penanganan Corona Virus

Disease, 2019 (Covid 19): Kementerian Riset Dan Teknologi/Badan Riset Inovasi Nasional cooperate with Universitas
Trisakti (NOMOR: 39 /FI/ P — KCOVID - 19. 2B3 / IX / 2020). #Inovasi Indonesia.

10.

11.

12.

REFERENCES

Yu-chih Huang, Sinn-wen Chen, Wojcich Gierlotka, Chia-hua Chang and Jen-chin Wu, “ Dissolution and
interfacial reactions of Fe in molten Sn-Cu and Sn-Pb solders”, Journal of Materials Research, Volume 22 Issue
10 : Published online by Cambridge University Press: 31 January 2011, DOI:
https://doi.org/10.1557/JMR.2007.0361 [Online] Available:
http://basu.daneshlink.ir/Handler10.ashx?server=3&id=1572/core/product/9E2F595CBAS4F32203605425A7E
D2268/core-reader. [Accessed, Feb, 24, 2021]

Mitsuo Niinomi, Yoshisada Ueda and Masamichi Sano,“Dissolution of Ferrous Alloys into Molten Aluminium”,
Transactions of the Japan Institute of Metals, Vol. 23, No. 12 (1982), pp. 780 to 787) [Online] Available:
https://www.researchgate.net/publication/272214245 Dissolution_of Ferrous Alloys_into_Molten Aluminium
. [Accessed, Feb, 24, 2021]

Hengyu Zhu, “Dissolution Rate And Mechanism Of Metals In Molten Aluminum Alloy A380,” Master of Science

thesis, Purdue University Graduate School, 2014. [Online] Available:
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1432&context=open_access_theses. [Accesses, Feb, 24,
2021]

Ghadir Razaz And Torbjo"Rn Carlberg,” On The Dissolution Process Of Manganese And Iron In Molten
Aluminum”, Metallurgical And Materials Transactions A, Volume 50a, April 2019, 1873 — 1887. [Online]
Available: https://link.springer.com/article/10.1007/s11661-019-05120-4#Sec6. [Accesses, Feb, 24, 2021].
Dody Prayitno, Ammar Abyan Abdunnaafi,” Effect of Hot Dipping Aluminizing on The Toughness of Low
Carbon Steel”, Sinergi, Vol 25, No 1, 2021. DOI; https://dx.doi.org/10.22441/sinergi.2021.1.010. [Online}
available https://publikasi.mercubuana.ac.id/index.php/sinergi/issue/view/551. [Accessed: Feb, 23, 2021}

Dody Prayitno, Engelin Shintadewi, Rosalina Tjandrawinata, “Mesin Pemusnah Pisau Bedah
Terkontaminasi,” Application form of Industry Design registration of Indonesia, Number of Application
A00202003698, Direktorat Jendral Kekayaan Intelektual, Kementerian Hukum dan Hak Asasi Manusia,
Republik Indonesia

Kang-Yi Lin, “The Dissolution Of Iron From Automotive Steel Sheets In A Molten Zinc Bath And The Kinetics
Of The Nucleation And Growth Of Dross Particles,” Master Of Science Thesis, Case Western Reserve University,
2011. [Online] Available:
https://etd.ohiolink.edu/apexprod/rws_etd/send_file/send?accession=case1307733545&disposition=attachment.
[Accesses, Feb, 24, 2021].

Dody Prayitno, E. Shintadewi Julian. Rosalina Tjandra Winata,” Pengolahan Limbah Medis (Pisau Bedah) “,
Kocenin Jurnal Pengabdian Kepada Masyarakat, Volume:l1 Nomor:1 (2021), issn 2807-3444.
https://publikasi.kocenin.com/index.php/pkm/article/view/191/160

Dody Prayitno, E. Shintadewi Julian, Rosalina Tjandrawinatap Perancangan,” Alat Pemusnah Pisau Bedah
Terkontaminasi Virus Corona”, Jurnal Penelitian dan Karya Ilmiah Lembaga penelitian Universitas trisakti, -
ISSN 0853-7720 ; e-ISSN 2541-4275, Volume 6, Nomor 2, halamanpp 172-181, Juli2021 DOI :
http://dx.doi.org/10.25105/pdk.v6i2.9523172
https://www.trijurnal.lemlit.trisakti.ac.id/lemlit/article/view/9523/6650

Dody Prayitno, M. Irsyad,” Effect of Ratio of Surface Area on The Corrosion Rate”, Sinergi, Vol 22, No 1, 2018.
DOI https://dx.doi.org/10.22441/sinergi.2018.1.002. [Online] Available:
https://publikasi.mercubuana.ac.id/index.php/sinergi/issue/view/241. [Accessed: Feb, 12, 2021]

William D, Callister,” Material Science and Engineering, An Introduction”, Eight Edition, John Wiley And Son,
2020

https://www.thoughtco.com/corrosion-rate-calculator-
2339697#:~:text=The%20rate%200f%20corrosion%20is.calculated%20using%20mils%20per%20year.

030008-6

pd'GpELLO'S L 8000€0/72E962LLISYEYL LO'G/E901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq


https://doi.org/10.1007/s11661-019-05120-4
https://doi.org/10.25105/pdk.v6i2.9523172
https://doi.org/10.22441/sinergi.2018.1.002

Dissolution Of Ferrous Into
Molten Of Aluminum-Copper:A
Proposed Dissolution Rate
Constant

by Rosalina Tjandrawinata FKG

Submission date: 13-Oct-2023 03:40PM (UTC+0700)

Submission ID: 2194440623

File name: lution_of_ferrous_into_molten_of_aluminum-copper_dari_usakti.pdf (1.69M)
Word count: 2281

Character count: 12059



RESEARCH ARTICLE | MAY 03 2023
Dissolution of ferrous into molten of aluminum-copper: A
proposed dissolution rate constant
Dody Prayitno &&; E. Shintadewi J.; Rosalina Tjandrawinata; ... et. al
M) Check for updates

AIP Conference Proceedings 2592, 030008 (2023)
https:/idoi.org/10.1063/5.0116345

CrossMark
&

View Export
Online  Citation

O
O
c
()
.
(¢},
Y
c
@
o
&
<

Proceedings

Articles You May Be Interested In

Lip movement tracking based on the changes of surface area of ellipse

AIP Conference Proceedings (May 2015)

Effectiveness of a model constructed wetland system containing Cyperus papyrus in degrading diesel oil
AIP Conference Proceedings (March 2014)

Virtual screening using MTiOpenScreen and PyRx 0,8 revealed ZINC95486216 as a human
getylcholinssierass inhibitor candidate
P Conference Proceedings (March 2016)

dre’

Time to get excited.

Lock-in Amplifiers — from DC to 8.5 GHz

Find out more

N\ Zurich
7\ Instruments




Dissolution Of Ferrous Into Molten Of Aluminum-Copper:A
Proposed Dissolution Rate Constant

Dody Prayitno"®, E. Shintadewi J.%, Rosalina Tjandrawinata®,
Joko Riyono!

Y Department of Mechanical Engineering, Faculty of Industrial Engineering, Universitas Trisalti
Jalan Kyai Tapa No 1, Jakarta 11440, Indonesia
IDepartment of Electrical, Faculty of Industrial Engineering, Universitas Trisakti
Jalan Kyai Tapa No 1, Jakarta 11440, Indonesia
I Faculty of Dentistry, Universitas Trisakti
Jalan Kyai Tapa No 1, Jakarta 11440, Indonesia

3 Corresponding author: dodyprayitno@trisakti.ac.id

Abstract — In the previous research, a surgical blade was immersing into a molten aluminum-copper alloy and then destroy. A
conventional corrosion rate equation is not used directly to predict a need time for the surgical blade to destroy. A corrosion rate
constant should be corrected to become a dissolution rate constant. The aim of research is to propose a dissolution rate constant.
Method. The molten of aluminum-copper was melted at 750 °C for 30 minutes. The samples were 4 steel-cutters. Next the
sample was weighed firstly. Second, the half part of sample was immersed into molten aluminum-copper alloy for a certain
time (10; 20; 30 and 60 minutes). Next the sample was pull out and a sticked aluminum was removed from the sample
surface. Finally, the sample was weighed again. The thickness of sample was measured. The experimental results. The
thickness of steel-cutter becomes thinner with increasing the dipping time. The K (dissolution rate constant) is 2.34.

INTRODUCTION

The dissolution of ferrous alloy into molten a non-ferrous alloy is an interesting field to study [1, 2, 3,4, 5, 6]. In
the previous research, a surgical blade was immersing into a molten aluminum-copper alloy and then destroy as shown
in Figure 1 [7, 8, 9]. A conventional corrosion rate equation is not applied directly to predict a need time for the
surgical blade to destroy. A corrosion rate constant should be corrected to become a dissolution rate constant.

Immersing into molten metal alloy reduces the diameter of sample. Increasing dipping time increase rectifying
diameter of sample as shown in Figure 2. [10]. Corrosion is defined as the destructive and unintentional attack of a
metal; it is electrochemical and ordinarily begins at the surface [10, 11]. A rate of corrosion is the speed at which any
given metal deteriorates in a specific environment (examples: water and sea water) [12].

(a) Before

(b) after
FIGURE 1. a surgical blade was immersed into a aluminum-copper alloy
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FIGURE 2. Relation between rectified diameter and dipping time (e © ® —Fe-3Ni, A A A ~-~Fe2C, m 0 m----
Fe-3C). is distributed in Al bath homogeneously. [2]

The Corrosion rate equation is shown in Equation (1)

CR=(W.K)/(p. A. 1) (1)
Where:
CR :  corrosion rate p : density K :  constant of corrosion rate
W : weight A area t : time

In order to predict a need time for the surgical blade to destroy the Equation (1) is used after the corrosion rate constant
should be corrected to become a dissolution rate constant. The aim of research is to propose a dissolution rate constant.

METHOD

Figure 3 shows the research flowchart, an copper wire is weight for 40 gram and an aluminum is for 60 gram. The
alloy is melted by a heating furnace. Then the Al-Cu Alloy molten was mixed by a stick at 800 "C and then hold for
30 minutes. Then the molten was ready. Second step the samples (4 steel-cutters) were washed, dried and then
weighted. Next the half of length of each sample was immersed into the molten aluminum-copper alloy for a certain
time (10; 20; 30 and 60 minutes). Then the furnace door was closed. Next the dipped sample was picked out. the
sample surface was cleaned from a sticked metal. The thickness, width and length of dipped area were measured. Next
each sample was reweighted. Finally, some calculation was done to find a dissolution rate constant.

40 grams | 60 grams
(Cu) (AD

Measaring of dipping Weighting of
&3 samp -
| Dussolution rate value l Ratio of
{2 mass loss/'area) A dipping tims’
Calculatmg to find a
dissohtion rate constat
Conclusion

FIGURE 3. Research Flowchart
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RESULTS AND DISCUSSION

In this research, a half of length of sample was immersed into the molten of Aluminum-copper alloy with certain
times. There was a thin metal (aluminum-copper alloy) stick on the surface. But it is easy to remove. (Figure 4). The
dipping area of sample is location of dimension measuring (thickness, width and length).

Solid metal

Dipping area

(c)
FIGURE 4 The initial sample (a). A thin sticked metal is removed from the sample (b).
The sample (dipping area) was ready to thickness measuring (c¢)

Table 1 shows the results of thickness measuring. Table 2 shows the weight of the steel-cutter sample before (Wo)
and after (W1) dipping into the molten aluminum-copper alloy. Table 3 shows the result of calculated dipping area.

TABLE 1. Thickness of Sample (mm)
Dipping time (minutes)

No

Initial sample 10 20’ 30 60°
Average thickness 0.50 mm 0.381 mm 0.345 mm 0.271 mm 0.214 mm
Thickness loss 0 0.119 mm 0.155 mm 0.229 mm 0.286 mm
TABLE 2. Weight of sample before (Wo) and Afier (W) dipping into molten
Dipping time Wwo W1 Mass Loss
Minutes (second) (g) (g) (g)
10 600 6,500 5,710 0,79
20 1200 6,503 5,388 1,115
30 1800 6,500 5,246 1,254
60 3600 6,476 4,671 1,805
TABLE 3. Mass Loss/Dipping Area
Dipping time Mass Loss Dipping area Mass loss/dipping area
(Minutes) (Second) (2) (mm?) (g/mm?)
10 600 0,79 1914 0,00041
20 1200 1,115 1809.6 0,00062
30 1800 1,254 16608 0,00076
60 3600 1,805 1557 0,0012
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The data in Table | are plot in a graphic as Figure 5. Based on the Figure 5 it can be shown that increasing in the
dipping time reduce the thickness. For example, dipping times from 0 to 3600 second reduces the thickness from 0,5
mm to 0,21 mm. It is a proof that the sample dissolve into the molten. Phenomena of dissolution steel cutter into
molten like as phenomena of “corrosion”.

f 08
=05
%
04 | g,
“‘EJ . -y "
203 o
-

02| y-easenum
T ot
®

[}

0 1000 200 3000 4000
Dipping Time (second)

FIGURE 5. Relationship between dipping time and thickness

The dissolution rate equation can be analog with the corrosion rate equation [1] as follows:

DR=(W..K) /(p. A1. T) )
Where:

DR : Dissolution rate K1 @ Constant of dissolution A1 : Dipping area (mm?)

(mm/second) rate
Wy Mass loss (g) o o density of ferrous (g/mm?) fi : Dipping time
(second)
The equation (2) can be rewritten as
DR = ((W,/4)/t) x (K /p) (3)

The dissolution rate constant can be calculated as an equation (4)
(K,/p) = DR | ((W /4,)/1) (4)
The value of Dissolution Rate (DR) can be found as an equation (5).
DR = (Thickness loss / Dipping Time) (5)

The value “((W/A)/t)” is shown as an equation (6).
((W1/A1)/t) = ((A mass loss/area)/ dipping time (6)
Finding dissolution rate value (DR)

The thickness loss increases with increasing dipping time as shown in Table 1 and Figure 6. The equation (7) is a
linear regression for relationship between thickness loss with dipping time

035

-

¥ = GE0%c+ 0,0876 b

&

.

Thickness Loss (mm)
= 52
-,

§

0 S0 000 1500 2000 2S00 3000 500 4000
Dipping Time |secand)

FIGURES®. Relationship between dipping time and thickness loss

y=6.10" x +0,0976 (7
where v = thickness loss (mm)
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x = dipping time (sec)

According to equation (7), the ratio of (thickness loss/dipping time) is nearly to 6. 10> mm/sec. Thus the dissolution

rate value (DR) (equation (5)) can be wrote as:

DR = 6.107° mm/second

Finding Ratio of ((A mass loss/area)/A dipping time)

Based on Table 2 and Table 3, a graph ((A mass loss/area) versus dipping time) is made and shown in Fig. 7. Their

relationship is illustrated by equation (9).

¥ = 2607+ 0,0003

,"' g

] 100 2000 3000 4000
Dipping Time (second)
FIGURE 7. Relationship between dipping time and mass loss/area
y=2.107 x+ 0.0003
where

y is ratio of mass loss with area or (#,/4,) and x is time (t).

Based on equation (9) it is found that
(W/AN/H=2.1 0'? (g/ (mmZ.second))

Finding Dissolution Rate constant (K1)

The equation (4) can be written since the equation (8) and the equation (10) are substituted
(Ki/p) = (6.107%) /(2.107).
Since p=7.8 10 [gram.-"nlnﬁ], the equation (11) becomes
Ki=(6.10°x 7.8 10/ (2 107)
K;=2.34

CONCLUSIONS

The conclusion are as follows:

(8)

9

(10)

(11)

(12)

(13)

1. Since the steel cutter was immersed into molten aluminum-copper, the thickness of steel cutter becomes thinner.

2. Increasing the dipping time reduced the thickness of steel cutter.
3J.DR=(W K\)/(p. A1.11)

Where:
DR : Dissolution rate (mm/second) oo density of sample (gra m/mm”*)
w1 : Mass loss (gram) A1 : Dipping area (mm?)
K . Constant of dissolution rate =2.34 fi : Dipping time (second)
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