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What I Make!
Hi! Maximilian Du here. I work with electronics, code, chemistry, and everything in-between! This document 

contains images and captions of all the projects that I’ve done, ranging from research prototypes to fun gadgets. 

http://www.github.com/MaxDu17
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1. Home Chemistry Lab

The panorama above shows the entirety of my home lab 

These two pictures show my workbench and drying racks. Safety is incredibly important, so multiple fire ex-
tinguishers are placed around the lab, with one shown here (A). Additionally, properly disposing of chemical 
waste is essential for my own safety and that of the environment. On the workbench are various waste containers 
(B), the contents of which will be either neutralized and poured down the drain or taken to a proper disposal 
company. Also shown is my ongoing Copper Sulfate jewelry project (C) (see page 27 for pictures). My drying 
racks (right image) were inspired by similar plastic ones from a chemistry lab that I toured. I didn’t have plastic 
rods, so I did the next best thing: wooden dowels coated with spray-lacquer. I drilled angled holes into 2X4s and 
glued segments of these dowels (of various sizes) into the holes. Surprisingly, these have performed very well and 
have not shown much wear, even after five years of use.
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The above two images show the fume hood that I built from scratch. A 
bathroom fan (I) controlled by a switch (J) at the top of the hood serves 
as the exhaust fan. The sash (D) is made out of thick Plexiglass held by 
grooves in the wood rails and attached (E)to a string and pulley system 
(F). The string ends in the counterweight (G), which allows the sash to 

maintain its height. Air travels through the gap below the sash and exits out the top, where it travels through the 
duct (L) and is expelled out the window. The hood has a side window for filming and observing purposes. It also 
has an outlet (H, see inset) for my hotplate stirrer, which is controlled through a switch (K), allowing for a safe 
shutoff if an electrical fire does occur inside the hood. 

The above three images show my equipment. I keep a box of syringes (M) for dispensing liquids and for pres-
sure-assisted filtration (left image). I also keep a collection of bottles (N). Some are amber glass for light-sensitive 
compounds. The white droppers/blue-capped bottles are saved contact lens solution containers, which are great 
for general liquid storage. A little to the right of the bottles is a stack of Chinese take-out containers, which I 
use to store dry chemicals. Moving over to the right side of the lab space, the middle and right images show 
my glassware cabinet. This cabinet and my chemical storage cabinet are both homemade. The top shelf (middle 
image) contains Erlenmeyer flasks, including a vacuum filtration system (O). One shelf below, I have many 
miscellaneous glassware items, including a separatory funnel, burette, mortar & pestle, graduated cylinders, 
and evaporation dishes. Another shelf below (right image), I keep my beakers. The bottom-most shelf contains 
round-bottom distillation flasks (among other miscellaneous items), including a triple-necked flask (P) with 
ground-glass joints for use in organic synthesis reactions. This equipment was either salvaged from a local 
university (which was going to throw them out), or from United Nuclear and Home Science Tools, both of which 
offer glassware at exceptionally low prices.
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The above composite image shows all my chemicals (and some more hardware), arranged as they are in the 
cabinet, separated into sections by chemical type. Starting from the left, the hardware section (V-X) contains 
my hot plate stirrer (V), scale (W), and ring stands (X). Below that section are my acids (U). I have Nitric, 
Hydrochloric, and Sulfuric acids, which were extracted from two types of concrete cleaner and drain opener, 
respectively. I have other acids as well, but most notably, I have Ferric Chloride. I made this as a copper etchant 
and used it to make my own PCBs (detailed on page 25). Moving to the right, we encounter my solvents (T). 
Among them includes Acetone, Methyl Ethyl Ketone, and Ethyl Alcohol, which were mostly from paint thinners 
and strippers. Directly above the solvents are the oxidizers (S). These include Hydrogen Peroxide, Potassium 
Permanganate, nitrates, and chlorates. Above this section, I have my bases (R). These are intentionally stored 
diagonal to the acids, and they include Sodium Hydroxide, Sodium Silicate, Ammonium Hydroxide, and Sodium 
Hypochlorite (bleach) and some others. The vast majority of these bases were also extracted from hardware 
store chemicals. Lastly, moving left, we encounter my general chemical storage (Q). For the most part, the upper 
level contains off-the-shelf chemicals like Sodium Chloride and Copper Sulfate (root killer), and the lower level 
contains specially-bought chemicals. These chemicals were typically acquired for a specific project, and their 
excesses were stored here.
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2. Home Electronics Workbench

The image above shows the entirety of my electronics workbench (the bench was also homemade)

These images show the left part of the 
workbench. Left Image: My Tesla coil 
(A) is on top of my first component 
drawer (B). These drawers contain 
electrical components that I have 
salvaged from broken electronics (as 
well as some newer components). 
This side of the workbench is also 
where I do some small-scale cutting, 
grinding, and polishing using my 
rotary tool (C). 
Right Image: The second component 
drawer (F) contains the more “bread 
and butter” components, including 
resistors, capacitors, inductors, 
and common ICs (like NE555 and 
LM358) sorted by value and type. 
Below them are my trays (G), which 

are very useful for sorting components in projects. On top of the drawer, I keep my micrometer and micro-screw-
drivers (E) for CAD measurements. The magnetic strip (D) contains my commonly used tools, including pliers, 
wire strippers, and heat sink.
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These images show the right part of my 
workbench. Left Image: Also mounted 
on my wooden “toolbar” are Banana 
plugs for the power supply, oscilloscope 
probes, alligator clips, and a desoldering 
gun (H). My wire spools are mounted 
right next to them (I). Below that are my 
smaller tools (J), like files and picks.  I 
have a salvaged function generator (K), 
and top of it, I have a multimeter and a 
screwdriver set. Below those, I have my 
power supply (L). To the left, I have an 
oscilloscope (M). 
Right Image: I have, of course, safety 
glasses (N). I jokingly call them the 
“Google glass” because they are safety 
glasses made by Google. Go figure. 
Below them are more hardware, stored 

in drawers (P). These include tape, utility blades, taps, solder, hot glue sticks, and torches. These are incredibly 
useful for every single project. To the right is a measuring microscope, salvaged from a local university (O). Like 
much of the equipment that I have, (O) and (K, left image) were acquired from a retiring professor who was about 
to throw his equipment out. Moving down, we see my adhesives (R) and a soldering/hot air rework station (Q).

The above images show the lower part of the workbench, which is almost entirely comprised of things from the 
retired professor. Left Image: On the floor is an analog oscilloscope (S) that I am working to restore, as well as 
some salvaged audio equipment (T). On the shelf are some older power supplies (U) and a decade resistor box 
(V) (which is fantastic for prototyping as it can be any resistor value from 1-1,000,000 ohms). 
Right Image: Also on the shelf are some prisms made out of salts (W) (like sodium chloride and cesium bromide), 
which used to be for some optical application. The professor also donated some lasers (X, Z) that I restored, and 
a spectrum analyzer (AA). To the immediate left of the analyzer is my repurposed zooming microscope (Y), 
which I use to solder small SMD components. On the floor is a ballasted 120 V source (CC) that I made for use 
in high-voltage experiments. It uses two transformers to limit current draw and prevent harm should an accident 
occur. Lastly, on the right is my homemade metal foundry (BB) (more details on page 21).

Tours of both labs are available on my YouTube channel. For convenience, they are also here:
www.integral-man.com/lab-tours
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Concept and Design Needs
My mom often neglected pots on our stove, frequently setting 
off the smoke alarm. So, I wanted to make a stove that turns 
off when pots on it boil dry. My moment of inspiration came 
when I plotted the temperature of the underside of a pot as 
it heated up, boiled, and dried. The clear change in the plot 
(between 1200 and 1400) showed that it would be possible 
to detect a boil-dry by measuring only the outside of the pot, 
therefore requiring no user adaptation for this smart stove. 
In addition to its main safety feature, I also wanted this stove 
to be securely controlled through simple text messages. 

Control Circuitry: Prototype 1
To read the thermometer and control the stove, I decided 
to use an Arduino. However, breadboard prototypes were 
messy, so I decided to take the Arduino chip (ATMEGA328) 
and make my own board around it. Shown here is my first 
PCB prototype, which contains the chip power supply (A) 
and heating element control circuitry (D). To flash code 
onto the chip,  I designed a special shield for a chip-less 
Arduino Uno that passes the data flash through a port 
(E). However, this version’s interface lacked a common 
ground (which explains the stray wire (C) used as a 
ground reference), and the reset switch (B) was not wired 
correctly. And of course, I somehow managed to forget the 
thermocouple reading circuitry on this version.

The heart of this project is a modified single-element portable stove. I stripped out the existing temperature 
control system, connected my own wires (which eventually connects to a solid-state relay; more on that later) 
and added in a thermocouple. As seen in the right image, the thermocouple is spring-loaded such that it makes 
secure contact with the pot that sits on top of the element. To add rigidity to the thermocouple, I used copper 
ice maker tubing as a sheath. 

Hardware

3. Intelligent IoT stove (Intellistove) that Prevents Kitchen Fires 
(2016-2017)
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Control Circuitry: Prototype 2
The most significant change in this version was the 
addition of thermocouple reading circuitry (B). The 
signal voltages of the thermocouple were too small 
to be directly read by the ATMEGA328, so I used a 
MAX6675 chip, which reads the thermocouple and sends 
temperature data via SPI to the main chip. Soldering 
this SMD chip was certainly challenging. Additionally, 
I added debugging ports (A), as well as some features 
that were discontinued in the final version, like a fan, 
buzzer (E), or indicator lights/ignore switch (D). Unlike 
prototype 1, whose design mistakes rendered it dysfunc-
tional, prototype 2 was fully functional and the element 
control circuitry (C) was completely assembled. 

Control Circuitry: Prototype 3
The above-left picture shows the unsoldered prototype 3 PCB 
(soldered board on next page). This version had a large number of changes, with the most obvious being 
the addition of a second ATMEGA328. I ran out of pins for interfaces, and to circumvent this issue, I used 
two programmable chips in an I2C Master/Slave configuration. The master chip was responsible for the core 
components, including the 4-line LCD (D), rotary encoder (C), and temperature data from the MAX6675 chip 
(E). The slave chip was responsible for the peripheral components, including a GSM (text message) module (H) 
and the stove element control relay (G). This division of labor and subsequent code was made with minimal 
cross-chip data transfer in mind. The temperature sensing circuit was slightly optimized, using a screw terminal 
instead of solder connections. Note that the high-voltage section was removed from the board. I thought it was 
safer to use an external solid-state relay, controlled through the slave chip (G). Of course, while everything else 
was pretty much perfect, there was a manufacturing defect (F). Oh well. 
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Assembled Control System
Shown above is the entire control system (without the relay and stove). Mounted into the housing is the soldered 
version of prototype 3 (D). There are three forms of user interface: the rotary encoder (C, F), LCD screen (B, E), 
and the GSM text message module (A). Menu options are displayed on the LCD, and the user selects options 
through the encoder. The GSM is responsible for text message control/notifications, and it communicates with the 
slave ATMEGA328 through a serial connection (user interface detailed on next page). I designed and 3D-printed 
the housing for the entire control apparatus. The red-bordered inset shows a side view, where I added the “brand.”

Complete System
Shown above is the entire Intellistove prototype system. The high voltage circuit goes from the mains line (F) 
(protective housing removed for clarity), through high voltage-side of the solid-state relay (E), through the 
modified stove (A), and back to the mains neutral. The slave chip in the control system is connected through the 
orange and red wires to the low voltage side of the relay (D). The thermocouple signal lines exit from under the 
stove element and connect to the control system through red and yellow wires (B). The GSM module (C) was not 
included in the control system housing due to its bulky nature. A future board prototype (that hasn’t been done 
yet) aimed to mount the actual module (white square inside C) directly to my own board, reducing the footprint 
and redundant circuitry. 
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User Interface
These images show the LCD user interface. The user 
can select specific settings through the rotary encoder 
(current selection shown with the triangle). The first line 
(1) always contains information: current temperature 
and status (which can be “idle,” “heating,” “armed,” or 
“stove boiled dry”).  This line also displays any instance 
of text message control. The second line (2) allows the 
user to enable/disable the boil-dry protection. The third 
line (3) allows the user to enable/disable text message 
control and notification. Selecting the fourth line (4) will 
open up a second manual, which is the bottom image. 
The second line of settings (5) is a “screen saver,” and 
the third line of settings (6) will reset the saved phone 
number/password and prompt a re-pair. 

The left pictures show the initial pairing 
procedure. On the first boot, or after 
selecting “factory reset,” the LCD will 
show a pairing prompt (3). After texting 
a randomly-generated code (1) to the 
Intellistove (in this case, “MAXDU17” is a 
dummy code used for demo purposes), the 
screen will show a confirmation (4), and 
then ask for a password (5). From here, the 
owner will text the password (2) needed 
for foreign control. Once the password is 
received, one final confirmation (6) will be 
shown, which directs to the main menu, 
ending the pairing process.  

The above three images show the text 
message-side of the user interface. 
There are two levels of permissions for 
control: native and foreign. During the initial setup, the owner is prompted 
to pair their phone with the stove (details shown below). For future com-
munications, this phone has “native” permissions. Any non-native phone 
number has “foreign” permissions. The left image shows the notification the 
stove will send the native phone in the event of a boil dry. The middle image shows the native phone controlling 
the stove. Note that no passwords nor authentication is needed. The right image shows a foreign phone controlling 
the stove. Note that the stove will ask for a predetermined password, and after the password is authenticated, the 
foreign phone can send a single command. Using two permission levels results in ease-of-use for the owner, but 
it also allows owner-authorized control through any other phone, maximizing function. 
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Software Architecture
Boil-dry detection algorithm: This algorithm has one of three states: “Idle,” “detecting,” or “armed.” “Idle” mode 
occurs below 50° C. “Detecting” mode is the default mode, and its purpose is to start the “armed” state once the 
temperature initially levels off after the pot’s contents begin to boil. The temperature is queried once per second, 
and the average of every 25 samples was calculated. Once the difference between two averages reaches below 0.2° 
C, the algorithm switches to “armed” mode. “Armed” mode is essentially the opposite of “detecting” mode, and 
it will turn off the relay once temperatures start rising. The temperature is still queried once per second, but now, 
the average of every 12 samples was calculated, and the stove is turned off if the difference between two averages 
reaches above 6.5° C. These numbers were empirically chosen for the smallest reaction time without having false 
alarms. The lower right image shows these algorithm states on a typical heating curve.

Whole-system software architecture: The lower left image is a pictorial representation of the whole-system 
software architecture. This system has two concurrent loops, one running on each controller chip. The master 
loop, as discussed before, is responsible for the interfaces that need continuous attention, which include the 
rotary encoder user input (which requires an interrupt), the LCD screen, the thermocouple, and of course, the 
detection algorithm. The slave loop runs auxiliary interfaces, which include the GSM module (text message) and 
relay. The master will interrupt the slave loop through an I2C interrupt when it wants the slave to do something, 
like turn on the stove or send a text message. Master-slave interrupts also happen for information queries, which 
were used for reading text messages. For the most part, other than low-level serial processing, the master loop 
ran the algorithms and told the slave what to do. 

The full code can be found here: github.com/MaxDu17/IntellistoveCode

Testing and Results
Emulation: The detection algorithm had thresholds and sample sizes that needed to be determined empirically. 
However, doing a real test for each tweak was impractical and slow. So, instead of doing a live test, I emulated 
such a test. Using six different pots, I collected six sets of temperature data, and I write a Python program to 
send these values one-by-one via a serial interface to my board, where the detection algorithm was running. This 
solution not only facilitated algorithm development, but it also allowed for arbitrary emulation speeds (instead 
of one sample per second).

Results: As designed, multiple live tests with different pots showed a worst-case detection delay of 24 seconds 
on eight different live test runs. On the user interface side, the user could use any text message-enabled phone to  
control the stove securely. 

For a demo: https://www.youtube.com/watch?v=U2UaDBnVez4 OR www.integral-man.com/research
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4. Artificial Intelligence-Assisted Sudden Infant Death Syndrome (SIDS) 
Monitoring Device (2017-2018)

Concept and Design Needs
I wanted to find a non-invasive way to monitor breathing patterns in 
sleeping infants that quickly reacts to respiratory arrest and other irreg-
ularities. My moment of inspiration was looking at a Discrete Fourier 
transform (DFT) plot of breathing sounds (left image). Inhales and 
exhales had unique low-frequency signatures not found in background 
noise. So, I set out to create an audio-based system. For that, I needed a 
microphone that can capture sounds of breathing during sleep, as well 
as an artificial intelligence model that can identify individual breaths 
using data from the microphone. With such a model, statistical tests can 
be applied to breathing intervals to find any irregularities. 

The above image and inset show the monitoring system prototype. An essential constraint of the project was 
keeping costs low (to increase accessibility of the final design), so although a studio microphone would have 
worked fine, I opted to design my own microphone, based on a standard electret microphone mounted with 
epoxy (F). Due to their lower sensitivity, I designed and 3D-printed a parabolic concentrator (E, A), with the 
microphone at its focal point. This concentrator is connected with a pivot mount (G) for adjustability. The signals 
from the microphone are amplified through a custom-designed PCB and turned into a digital signal (B). Note: 
the large audio digitizer was for ease-of-prototyping only. Lastly, this signal is fed to a Raspberry Pi (C), which runs 
the real-time code that detects each breath. A power jack (D) supplies power to the amplifier circuit. 

Hardware
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The three images above show, in greater detail, my amplifier circuit. The microphone input (J), is connected to 
two black wires on the soldered board (H). C1 removes DC offset from the microphone, and R1 & R2 determine 
the gain, which is 46.8x. To reduce noise, C3 sets a low-pass filter, and C2 sets a high pass filter. Together they 
form a band-pass filter with cutoff frequencies of 3.4 and 7234.3 Hz. I designed this with the importance of 
lower frequencies in mind. The original PCB design did not have a power filtering capacitor on the power bus, 
which caused unacceptable levels of noise. So, I added a 22 microfarad filtering capacitor across VCC and ground 
on a piece of perf board (I). The output (K) is connected to the digitizer. 
Directly above, two sides of the unsoldered amplifier board (A, B) are shown. The solder paste stencil (C) was 
used for soldering the surface-mounted components.

Audio (either read from a file for emulation or real-time from the microphone) was collected in overlapping 
2-second windows. Each iteration of the model moves this window 1/8 second forward in time, which is the 
length of a “sub-sample”. Each 1/8 second sub-sample in a window is fed into a discrete Fourier transform, where 
amplitude data is converted into a vector containing “bins” of frequency ranges. These bins were then fed into an 
Autoencoder, which compresses this high-dimensional (1024) vector into a more concise (50) vector. 
This vector is calculated for each of the sixteen 1/8 second sub-samples per 2-second window, and they form the 
inputs of the recurrent neural network (RNN). The RNN outputs a classification (inhale, exhale, noise) at the end 
of these 16 sequential inputs. This classification is fed into an algorithm that detects temporal clusters of similar 
high-confidence predictions. Past a certain number of clusters, the algorithm registers a breathing “event.” The 
time interval between each breathing event is fed into two detection algorithms: a cutoff test, and a statistical 
t-test for slope. The cutoff test detects respiratory arrest and will report an issue for time-between-breaths past a 
certain threshold, as determined by a confidence interval. For more subtle yet still harmful trends in breathing 
rate, the t-test was used. This tests, with every interval collected since the start of the program, for the presence 
of a trend (in the form of a slope). If a trend is detected at p<0.05, the t-test algorithm will report an issue. Such 
an “issue” can be used to trigger any number and variety of alerts, but for simplicity, only a statement was printed 
acknowledging this issue. The following page shows this architecture in a graphical format. 

Software Architecture
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Legend: Black boxes refer to algorithms/models. Golden boxes refer to data inside of the system. Purple boxes 
represent input data. Green boxes represent parameters of the neural networks. Arrows point in the direction of 
data flow: red arrows represent forward propagation data flow, and pink arrows represent backpropagation data 
flow.

Autoencoder: This unsupervised machine learning model had five layers (1024->256->50->256->1024) with 
sigmoid activations in between. Training this model means to simply compare the output with the input using a 
cross-entropy function and optimize for the least compression/restoration data loss. After training, only the first 
three layers were used for compression.

Recurrent Neural Network (RNN): This network consisted of three layers (50->75->3), and the 75-neuron hidden 
layer was the recurrent layer. A sigmoid activation was used to propagate the previous hidden layer to the current 
hidden layer, and a Softmax function to convert output activations into a probability distribution. Training was 
done with a cross-entropy function and an Adam Optimizer.

Datasets: Self-recorded datasets, through the parabolic microphone, were used. Recordings of infant breaths were 
not found in any public dataset, and I could not record my own in any local hospitals, so the first stage was a 
proof-of-concept. After all, the AI models can be easily trained on a new dataset. The concept stays the same, 
regardless of the breather’s age. A total of 300 two-second recordings were collected (100 each in “inhale,” “exhale,” 
and “noise”). Augmentation (induced noise and pitch-shift) increased this count to 3000. Training used 90% of the 
data. Validation used 2%, and testing used the remaining 8%.

Testing and Results: 2-second clip classifying tests were used as a primitive metric, on which the model scored 
98% accuracy (f1 = 0.97). Then, short clips were spliced together into an emulated continuous audio stream of 
regular breathing activity. On this test, the model and auxiliary algorithms detected 92.5% of all breaths without 
false positives (an undesirable trait for this application). Lastly, the model was tested on two types of respiratory 
failure (sudden and gradual), where it raised an “issue” within 11.25 and 53 seconds, respectively. Note: the 53 
seconds is relative to the start of respiratory pattern deviation. The model raised an “issue” more than 10 seconds 
before the simulated total respiratory failure in this gradual case. 
The project source code can be found here: www.github.com/MaxDu17/Codefor2018SolvingSIDSwithRNNs
Research paper: arxiv.org/abs/1904.12386. 

Artificial Intelligence Specifications and Final Results
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5. Homemade Microwave Arc Welder (2016-2019)

The above two images show my homemade arc welder. At its core, the welder is two rewound microwave oven 
transformers (MOT). Typically, a MOT raises mains voltage to approximately 2400 V. This is needed for the 
magnetron, but for welding, I needed low voltage at a high current. So, I removed the high voltage secondary 
windings and replaced it with my own thicker secondary windings (C). Mains current is supplied by two outlet 
connections (H) (because two transformers draw too much current for one wall outlet). This wall power goes 
through a switch (E, one for each outlet), through the green wires, and into the primary windings (D) of each 
transformer via crimp spade connectors (B). Barely visible, but highly important, are the plastic guards that 
prevent these connectors from touching if they ever become loose. The low-voltage secondary windings of the 
transformers are wired in-phase and have a combined voltage of around 37 V. These output wires (A) exit the 
front of the welder (I) and are connected to the stick-holder (G) and ground clamp (F). The grounded metal 
mesh around the entire system is a physical barrier to prevent accidental touching of high-voltage connections, 
and it also provides ventilation to the transformers, which heat up during use.

Build Process
The collage to the left shows the (frustrating) 
conversion from a high-voltage transformer to 
a high-current welding transformer. These top 
images (1-6) show the removal of the secondary 
winding. My first attempts used a rotary tool, but 
the cutoff disk could not handle the dense copper. 
After ten minutes with a hacksaw, I settled on the 
far quicker method involving a hardened-steel 
chisel (2). After one side was sheared off, I used 
a drill bit (4) to bore out the windings inside the 
transformer body, cleaning up my mess in (5-6). 
Then, I put as many winds of the gauge 6 wire as 
possible (7). The inset shows one of the finished 
transformers. This entire process was repeated 
with a second transformer, and they were 
connected by crushing a copper pipe around the 
exposed wire ends (8). 



Maximilian Du

Page 16

Back to Top

Older Version
The welder housing shown on the previous page was not the first version: this 
image to the left was. This consisted of a plastic box with holes cut in it and a 
fan salvaged from a dehumidifier. The large circuit board, white switch, and 
white box are all responsible for controlling this fan, which pushes air into 
the box, across the transformers, and out the hole in the front. To further 
monitor temperature, an Arduino hooked up to two thermistors (one in 
each transformer) displayed the temperature status with two LEDs (to the 
right of the Arduino board). Normally, the green “OK” LED would be lit, 
but if a transformer reached above 90° C, the red “OVERHEAT” LED would 
turn on. I removed the fan and the indicator lights for my newer housing 
because the air did not significantly impact transformer temperatures (lack 
of cooling fins), and as long as I operated the welder in a sane manner, the 
transformers never got hotter than 70° C. I also ditched the plastic box, 
favoring the sturdier design that I have now. 

Does it work?

Yes!!!!
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6. Wood Preservative Pressure Treatment Vessels (2015-2016)
Purpose and Design Needs

I was helping my dad build our deck, and we were using pressure-treated wood, which is quite bad for the 
environment. To make matters worse, we had to apply a toxic solution (copper naphthenate) to all exposed edges. 
So, I wanted to see if I could find a safer wood preservative that could match the performance of conventional 
pressure treatment chemicals. However, to do this, I needed a way to pressure-treat my own wood, at least in 
small batches. So, I started building my own treatment vessel. The container needed to be chemically-resistant, 
be able to hold a high vacuum, as well as being able to sustain high pressure.

Version 1
My first intuition was to use an old pressure cooker we had 
lying around. I drilled a hole in the top (A) and attached a pipe 
system (shown in the below two images), which contained a 
ball valve and easily-swappable top fitting. This swappable 
aspect was needed because my vacuum pump’s barbed fitting 
did not match with the air compressor’s Quick-Connect fitting. 
The ball valve isolated this top fitting section, which allowed 
the chamber to remain under vacuum while the fittings are 
changed. Everything seemed great until I realized that pressure 
cookers couldn’t hold a vacuum. This pot’s gasket needed out-
ward-pushing pressure to seal, so it was useless in preventing air 
from coming in. Initially, I tried to fix this error by using duct 
tape (bottom left), and when that didn’t work, a large garbage 
bag (bottom right). The latter was able to seal, but the bag ended 
up popping. With this failure, I set off to create version 2. 

Version 2
The heart of the second version is an old Thermos. Inspiration for this 
came from seeing that the Thermos’ rubber seal depends on the pressure 
from the cap and not from the air inside, meaning that it should hold both 
pressure and vacuum. The same pipe assembly was used on this version, 
with a swappable fitting (D), a ball valve (C), a pipe-cap junction (B) (made 
with copious amounts of hot glue), and the treatment chamber itself (A). 
There was one problem though: the plastic threads joining the cap and 
Thermos body were quite weak. On the first dry run, I pressurized the 
container 60 psi, but the cap and body separated violently (aka exploded). 
To fix this, I constructed a wooden brace that transferred the force away 
from the fragile threads. For safety reasons, I still kept the treatment 
pressure at 60 psi. This is around half of the pressure used in industry, but 
with the smaller pieces I was working with, 60 psi was acceptable. 
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Treatment, Testing, and Results
Chemicals that I tried: Sodium Chloride (A), Potassium Permanganate (B, really manganese dioxide after reacting 
with the wood), Polystyrene + Xylene (C), Copper Sulfate (D), and Sodium Carbonate (E), along with untreated 
and Copper Naphthenate controls (not shown). Note: these sticks were photographed after testing.
Procedure: Add wood and treatment solution (all aqueous except for polystyrene + xylene), as well as a weight to 
keep the wood from floating above the surface. Draw a vacuum for ten minutes. Transfer treatment vessel to brace 
(see the previous page). Pressurize container to 60 psi for four hours. Release pressure, let the wood sit overnight 
submerged in the treatment solution. 
Testing: To simulate the effects of nature, each wood bundle (10 sticks of wood were used for each chemical) 
was “stressed” via exposure to thermal shock, salt & fresh water, and damp, dark conditions for potential mold 
growth. Then, the wood was tested for two parameters: strength and flammability. The strength test, shown top 
right, applies a downward force (by adding sand to a bucket) to the middle of the stick until it broke, and the 
mass of the sand/bucket was recorded. To compensate for natural irregularities in the wood, the “efficiency” was 
calculated, where the mass held is divided by the mass of the wood. For the flammability test, a sample is torched 
for 10 seconds, left to burn for 10 seconds, and then extinguished using compressed air. The change in mass from 
pre-burn to post-burn is recorded. 
Results: The Polystyrene + Xylene treatment was the strongest (actually, it surpassed a non-stressed and non-treated 
control). It was also the most environmentally friendly because the polymer can not be leached out over time into 
the environment. The only downside was its flammability, which was most likely due to Xylene residues inside the 
wood. The only wood that lost more mass than Polystyrene through combustion was the stick treated with Copper 
Naphthenate.
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7. Mousetrap Vehicle (2017-2019)

My partner and I made a mousetrap vehicle for the Science Olympiad competitions. We brainstormed ideas 
together, and I was responsible for the 3D design, assembly, and most of the testing. The image above shows 
the 2018-19 vehicle. The vehicle body is made of carbon fiber and 3D-printed plastic parts. The wheels (F) are 
3D printed and have a neoprene O-ring around it for traction. To power the vehicle, there are two mousetraps, 
connected to a carbon fiber drive arm via another 3D-printed part (I). Dampening springs (G) were used to 
prevent the whipping back of the arm from shifting the vehicle (which was a huge problem). To steer the vehicle, 
I designed a screw system (E and top right inset) that resembles a turnbuckle, except that it’s far more precise 
(each 1/6 turn “step” is 83 micrometers). A “knuckle” (C) allows front axle angle adjustments without warping 
the vehicle. Magnets (D) were used as weights, which resulted in slower but more-repeatable runs. To align the 
vehicle when it traveled arcs, I designed a magnetic pin-holder (H). This allows a sewing pin to be mounted for 
alignment and removed during the setting of caliper brakes. 
The caliper brake is shown in more detail in the top left inset, which looks at the front underside of the vehicle 
(under the mousetraps). A threaded carbon fiber piece (K) is the “brake,” and it is responsible for stopping the 
vehicle by colliding with the stopping clamp (J) as the vehicle reverses. Because the vehicle has to go farther 
forward than backward, this braking mechanism is one-sided. As the vehicle goes forward, friction between 
the threads and the carbon fiber piece (K) causes it to slide on the right side, missing the clamp (J). However, 
as it comes back, the same friction causes the piece (K) to slide on the left side, colliding with the clamp (J). 
The position of this clamp (J) is easily adjusted by placing a digital caliper between two metal plates (J and L), 
resulting in super-precise braking distances. 
Our vehicle’s evolution over two years was very apparent. To the left (B) are the wheels and axles from our first 
vehicle. And, of course, our “wheel totem pole” (A), showing how my wheel design changed. More details on my 
design process are on the next page. 
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Shown above is an evolution of our mousetrap vehicle. Our first ever vehicle 
(A) was made of particleboard and industrial-grade bearings. The wheels 
were Plastidip-coated plastic wheels. I experimented with multiple mouse-
trap-rod mounting methods. In our first version (A), it was just sheet metal, 
superglue, and lots of good luck. Using this first vehicle, I found a much better 
rod mounting technique: solder (B). 
The second generation (gen 2) of the vehicle (D) now adopted the two crucial 
aspects of our newer vehicles: 3D printing and carbon fiber. However, the 
design of this version (D) was still bulky, and I hadn’t ditched the super heavy 
industrial bearings yet. Nevertheless, it was through this version that we 
developed a faster winding method, using a loop and headless screw (C). To 
the left (E), the fourth generation is shown (third generation contained minor 
tweaks). This was when I re-designed my parts for better accuracy, ditched the 
Plastidip wheels in favor for the much better O-ring design, and implemented 
a string calibration system (this was before the vehicle needed to trace an 
arc, but going in a straight line was just as tricky!) I kept the solder mounting 
method until the next generation (gen 5), which was used in the 2018 national 
competition. 
The vehicle shown on the previous page is gen 7, which adheres to 2018-19 
competition rules (addition of curve mechanism and pin calibration). 
Generations 5 and 6 were recycled to make generation 7, but unfortunately, I 
could not find images of them. 

A

B

C

D

E
Gen 1Gen 1 Gen 2Gen 2

Gen 4Gen 4
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8. Misc Projects and Stories (2013-2019)

Safety Box (2019)
This contraption was something that I made 
to reduce the safety risks while working with 
high voltage. The plug (D) will connect to 
a standard outlet. From here, the current 
passes through an isolation switch (A) and a 
sensitive breaker (B), before ending up at the 
protected output (C). This is where the risky 
item is plugged in. The sensitive breaker (B) 
will trip before the house breaker does, which 
prevents excessive current draw (and resistive 
heating). More importantly, this breaker (B) 
adds redundant short-circuit protection. 

Metal Foundry (2015-2017)
We have a cat, so we accumulate a lot of empty aluminum cat food cans. I wanted to melt them down into 
aluminum ingots, so I made this foundry. The cast-plaster furnace body (A) is where the coals sit, surrounding 
the crucible (B), which is a 3-inch diameter steel pipe. Actually, the decision to use a pipe came from three failed 
runs. I started with the steel body of an empty aerosol container, but the temperatures inside the foundry were 
hot enough to degrade the thin walls and cause all the molten aluminum to leak out. Two more trials later, I 
finally switched to a thicker-walled container. Not wanting to buy an expensive graphite crucible, I tried this steel 
pipe, which worked very well. The coals are force-fed air from an old hairdryer (D) duct-taped to a pipe assembly 
and attached to a hole in the side of the body (A). The foundry cover (C) is used to insulate the coals for faster 
heating. I use hooks (E) to lift this cover (C). This entire foundry got rebuilt twice as I discovered the importance 
of rebar in concrete. My first version simply crumbled after the first firing due to thermal shock. When my 
second version had the same fate, I decided to add in chicken wire throughout the plaster while it was casting, 
which did the trick. The red-bordered inset shows some ingots I cast (the large one in the middle was from the 
aerosol can crucible, when the aluminum spilled into the foundry body). 
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Cast Ingot (2019)
I love doing random, “on-the-spot” making! When I found three fishing sinkers on a beach, I wanted to cast them 
into an ingot with “Pb” on it. This was my first time trying metal casting, so I used a lost-wax casting process. I cut 
a very rough square out of paraffin and used a rotary tool to engrave “Pb” into it. Then, I cast the wax into a dish of 
plaster. Then, I turned this assembly upside-down in an oven, letting the wax drip out. This process produced the 
mold (B) . Using a crucible, torch, and activated-carbon respirator, I melted down the fishing sinkers, removing 
the oxide layer with a paperclip. I was in a rush to pour this lead, which was where my mistake occurred. There 
was still moisture left in the plaster (B) from the casting process, so when the lead went in, it started to boil 
violently. The steam took away a lot of the heat from the lead, solidifying it into a sponge-like blob. I “fixed” this 
problem by torching the lead directly in the mold until it melted again, but there was still some bubbling. This 
left a small indentation in the ingot (A), which can be seen at the center. Hey, at least I have a lead ingot now...

Whale’s Tail (2015, 2018)
Before I started wearing my homemade copper sulfate 
necklace, I wore this wooden whale’s tail (because whales 
are awesome). When the tip snapped off a few years ago, 
I tried my hand at casting a new tip. I melted some wax 
and used the other side of the tail to form a negative cavity 
for casting. However, I didn’t realize that wax shrunk as 
it cooled. Combining that with the bad 2-part epoxy I 
used as “resin,” I got an unsatisfactory result (F). Just 
recently, with newer tools and experience, I decided to 
give the repair another shot. This time, instead of casting 
the tail in wax, I dripped wax over the tail until a hard 
shell formed, which then became the mold. I also used 
a specialized clear resin. Now, it looks pretty cool! (E). 
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Tesla Coil (2018)
This Tesla Coil kit (from OneTesla) was a gift, and I 
assembled it. Actually, even building this from a kit 
was quite the adventure. Due to the niche market 
for this kit, there was not much user feedback, 
resulting in some design flaws. Honestly, that made 
it more fun! Post-build, I brought these flaws to the 
designers’ attention through OneTesla’s forum. 

This type of Tesla coil uses two LC circuits to 
achieve resonance. The first (top) LC is the top 
load (A) and secondary coil (B). Older spark gap 
Tesla coils relied on spark gap timing to hit the LC 
resonance frequency of the top load and secondary 
coil. To remove this destructive timing mechanism, 
a second lower-voltage LC circuit is used, consisting 
of the primary coil and a high voltage capacitor 
tuned to match the resonance of the top LC 
circuit. Energy is pumped into this lower voltage 
LC circuit using two IGBTs (transistors). Energy 
is then passed to the top LC circuit via a changing 
magnetic flux, causing voltages to rise beyond the 
dielectric breakdown field strength of air, creating 
sparks. While these sparks are inaudible (typically 
in Megahertz range), the entire circuit can be 
modulated at audible frequencies, playing music. 
This modulation is what the control panel (D) does, 
by sending pulses of light through a fiber optic cable 
(E). 

Baby Tesla Coil (2017)
In fifth grade, when I saw musical Tesla coils at a 
museum, I added “make Tesla Coil” on my bucket list. 
So, many years later, I made a small one. I wrapped 
thin electromagnet wire around a test tube and used 
a Slayer Exciter Circuit to drive the Tesla coil. This 
circuit uses feedback from the secondary coil to pulse 
the primary winding (the single black loop of wire) 
at the resonance frequency of the secondary coil. The 
capacitor bank (blue and yellow box) and MOSFET 
were taken from an old computer power supply. 
This surprisingly worked! While I didn’t get any arcs, 
the coil was able to illuminate fluorescent lightbulbs 
nearby. 
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Safety First! (2013)
What you see here is the first (and only time to date) that I’ve used a fire extinguisher. During the summer of fifth 
grade, I wanted to make “Negative-X,” a water-sensitive compound. However, I failed to consider the presence 
of water in the air, and as I was heading out the door with a dish of this stuff in my hand, it spontaneously 
combusted. This sprayed the rug with burning zinc, which quickly caught it on fire. Somehow, I reacted fast 
enough to contain the fire. Actually, I was very lucky. There are droplets of solidified molten metal (A) on the 
extinguisher, which missed my fingers by mere millimeters. 

Zombie Humidifier (2017)
When my ultrasonic humidifier unexpectedly 
broke down, I set out to fix it. However, after trying to debug convoluted circuit boards, I decided the best option 
was to buy a cheap “fog maker” online and convert that piezo unit into the ultrasonic humidifier. To do this, 
I removed all the circuitry from the broken humidifier, replacing it with my own simplified circuit (A). This 
connected the fog maker (B) in series with a water level cutoff switch (C) and main switch (not shown). I also 
wired up the fan, which blew the mist out of the device. After two sealing attempts, the zombie humidifier was 
complete. Despite the cheap piezo replacement, my humidifier has lasted twice as long as the original one, and I 
still use it! 
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Home PCB Etching (2016)
I wanted to see if I could make my own printed circuit boards. First, I designed the circuit (an adjustable voltage 
regulator) on an EDA program and then printed the traces onto blank magazine paper. Then, I used an iron to 
transfer the toner from the paper to a piece of double-sided copper-plated circuit board. I also used a permanent 
marker in a semi-successful attempt to add some lettering (C). Then, using a Ferric Chloride solution that I made, 
I slowly etched away the exposed copper. The toner and sharpie-covered parts reacted slower, leaving behind 
traces. After washing, I used a rotary tool to drill holes and then soldered the components. It wasn’t perfect, but 
this was just a fun proof-of-concept. The final circuit worked: it took in a wide range of voltage (A) and outputted 
(B) a controlled voltage, as selected by a potentiometer (not shown) connected by the black wires. 

Caffeine 
Measurement (2014)

These pictures show one of 
my first chemistry research 
projects. I tweaked a 
solvent extraction process 
(with Ethyl Acetate) for 
optimal extraction and 
measurement of caffeine 
from drinks. The left flask 
(A) shows caffeine from 

coffee, the middle (B) shows the minuscule amount of caffeine from decaf coffee, the right (C) shows the caffeine 
crystals from Coca-Cola. In the bottom left, the watch glass (D) shows the caffeine crystals from Mountain Dew, 
and plastic vials (E) show some other caffeine samples. The top right picture shows my distillation setup, where 
I isolated the caffeine and recovered the Ethyl Acetate, all in my bathroom. I also found that my “Goofy” shoes 
were perfect round-bottom flask holders. If that doesn’t scream “amateur chemistry,” I don’t know what does. 
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Christmas Tree (2016)
This was a Christmas gift that I made for my parents. It is a 
Christmas tree made of LEDs. The cool part is that the same 
wires that make up the body of the tree are also carrying the 
current that lights up the LEDs! 
Each level of the tree is made of two concentric rings. The inner 
ring is ground, the outer ring is at 3 volts, and the green LEDs 
span the gap, forming a complete circuit. The entire thing is 
powered through a USB connection (partially shown). While 
this circuit is simple, this was ridiculously hard to make, and 
to say that I gained some soldering skills during this endeavor 
would be an understatement! The ring was soldered shut using 
the same solder that I was using for the LEDs, so while soldering 
the LEDs onto the rings, the rings themselves would randomly 
come apart due to heat conduction. This effect was even worse 
during the final assembly. However, after a few hours, I did it! 
There was one defect with my design, though. To get the 5V 
from the USB down to roughly 3V for the LEDs, I used a resistor 
(on the circuit board). This resistor ended up dissipating nearly 
three times the power it was designed to, so it heats up very 
rapidly. Thus, this tree has a duty cycle, at roughly 60%! If I were 
to rebuild this, I would definitely swap out that resistor with one 
that’s adequately rated, so that the tree can stay on all the time as 
an awesome desktop trinket.

Business Card (2019)
For the longest time, I thought it would be awesome to have a circuit board as a 
business card, and now, it’s a reality! I got mine super-cheap from JLCPCB, the 
same place where I ordered my other custom-designed PCBs. The silkscreen 
(white lettering) has my contact information and areas of interest. Around the 
lettering, I designed a special circuit called an astable multivibrator, which will 
flash the two LEDs at the top of the board in an alternating manner. (This is 
why it’s called “astable,” because this circuit has no stable states). To power my 
business card, a simple micro-USB is needed. Actually, soldering this power 
port was the hardest part of assembling the card. The legs were too short to 
go through the board, and the surface pads were too small. Nevertheless, I did 
eventually develop a technique to get it on. And, of course, there’s the smiley 
face on the back :-)
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9. Copper Sulfate Necklace (2014-2019)

Ever since I found out that Copper Sulfate is readily 
available as a commercial root killer, I have been 

growing large CuSO4 crystals and putting them in necklaces. Shown at the top (A-D) is an evolution of 
my necklace development, starting with the leftmost (A) four years ago. I used nail polish to laminate 
the crystal initially, but starting with the second necklace (B), I have used resin. The next one (C) was 
a failure because coating the crystal layer-by-layer caused edges to have less resin, eventually leading to 
water making its way in. My current necklace (D) cast the crystal (taken from C) directly into a block 
of resin, leaving no weak spots. The two images immediately above show my best crystals (left) and the 
crystal-growing process (right), where a purified saturated solution of copper sulfate slowly builds up 
the crystals through evaporation (the hard part is preventing the crystals from growing smaller crystal 
“protrusions”). I have even received an order for a necklace!
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10. YouTube Channel Christmas Countdown (2016-2019)

The above pictures show screen captures from the Christmas Countdown live stream that I have hosted on 
YouTube for the past four years. This was a journey of both graphical design and coding, and it is very apparent 
from the screen captures how my graphical design has evolved. However, what is not seen in the captures is the 
coding that supported the countdown, the tracking of “Santa”, and the “Merry Christmas” segment played at 
exactly midnight, 12/25. The software I used, Open Broadcaster Software (OBS), was not very compatible with 
developers at the time, so I had to jump through many hoops. Displaying a direct Python program output giving 
the countdown was highly unstable, so the best way to display my countdown was to locally host a website and 
have OBS capture that website. The same trick was used for the tracker, which used a manifest file given by 
Google’s Santa Tracker to determine the location of “Santa” at a specific time. Lastly, in order to play my pre-made 
“Merry Christmas” segment, I had to use a low-level Windows program called “Task Scheduler.” OBS can activate 
the segment, but only through detecting whether or not a specific program is active or not. So, I created a visual 
basic script, set that to run at midnight through task scheduler, and told OBS to listen for the script instance. 
Surprisingly, this method of activation is very reliable, despite the circumventing that was involved. 
Note: all background images used in 2016, 2017, and 2018 streams were open-source stock images. 
Source code for the tracker and countdown: github.com/MaxDu17/ChristmasCountdown

2016 2017

2018 2019
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11. Artificial Intelligence Art Project (2018-2019)
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This project was a perfect way to combine my love of photography (all the source images were captured by 
me) with my love of artificial intelligence! The images on the previous page show some outputs of my AI style 
transfer model. This model takes a “source” image and a “style” image, and it trains a “weight” matrix to keep 
the “big idea” the same while adding properties of the style image. I got hooked into this concept when I saw the 
outputs of Google DeepDream, and when I learned the math behind style transfer, I knew that I needed to try it 
out. How does it work? My style transfer model exploits the properties of a pre-trained (VGG19) convolutional 
neural network (CNN). To calculate the difference between the output and the source image, the model runs the 
CNN layers on the two images and takes a simple mean squared error of the final activations. Comparing final 
activations of the CNN is almost equivalent to comparing the “big idea”. This way, there’s a lot of wiggle room for 
style to be implemented. To calculate the difference between the output and the style image, there’s more math 
involved, in the form of a Gram matrix. By making the Gram matrix for each layer of the CNN, a measure of style 
similarity can be calculated. With these two “loss” functions, this model simply treats the output image as the 
weights to a new neural network and uses gradient descent to minimize the two losses. Each image took around 
5 hours on an Nvidia GeForce GTX1060 GPU.
Note: while I own my source images, I used other peoples’ works as the style images. Also, for artistic purposes, 
there was some very light retouching done to the finished outputs. 
Here is my source code: github.com/MaxDu17/MyStyleTransfer
For animations and a full gallery, go to my website: www.integral-man.com/ai-art



Page 31

Maximilian Du Back to Top

13. Rock Polishing (2018-2019)

Walking down the beaches of Long Island during the summer, I was attracted by the beauty of beach pebbles, 
but I was quite disappointed that their beauty only showed when wet. So, I set out to freeze the beauty of these 
stones by polishing them. This was a completely new field for me, so I picked up a cheap tumbler from my local 
Harbor Freight. Wow, there were so many things to learn! For example, there are types of pebbles that will 
polish very well, and others that won’t polish at all (these were composite rocks like granite, which had multiple 
hardnesses). To date, I have made a decent pile of polished rocks (above image) that serve various purposes, from 
paperweights to awesome displays. 

The above-right picture shows the beach rocks before polishing. While they were naturally worn smooth by 
sand and waves, their small imperfections prevented any of their beautiful patterns from being visible while dry. 
The above-left picture shows my rock tumbler. When I first got into polishing, I thought it was a whimsical idea 
instead of the wonderful hobby that it is now, so I didn’t invest in a reliable tumbler. Out of the box, the two barrels 
would grind against the tumbler frame. To fix it, I used an industrial bearing (A) from my mousetrap vehicle, 
attaching them with some steel wire and superglue. This bearing would turn with the barrel while pushing the 
barrels away from the frame, significantly reducing metal-metal wear. 
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13. Thanksgiving Dinner (2010-2019)

7th

10th 11th 12th

8th 9th

In helping my parents make dumplings as a tiny kid, I fell in love with cooking! For the past six years, I have been 
cooking Thanksgiving dinner for my family. In that time, I have continually refining my culinary techniques. 
There are things that I’ve done for as long as I can remember, like sugar cookies, gravy, mashed potatoes, and 
stuffing. However, in recent years, I’ve started to make sweet potato casserole, yeast dinner rolls, and squash 
soup. Beyond Thanksgiving, cooking is still my guilty pleasure and fantastic hobby. Specifically, I’m interested in 
modern cooking techniques like Sous Vide and Molecular Gastronomy. 

For my recipes: www.integral-man.com/recipes

Thanks for reading! 


